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(54) HETEROCYCLIC COMPOUNDS 

(57) This invention relates to a NHhalogenocyclopropyO-substituted pyridonecarboxylic acid derivative repre- 
sented by the following formula (I): 
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wherein X 1 is a halogen atom or a hydrogen atom; X 2 is a halogen atom; R 1 is a hydrogen atom, a hydroxyl group, a 
thiol group, a halogenomethyl group, an amino group, an alkyl group or an alkoxy group which may have a substituent 
group; R 2 is a group represented by the following formula (II): 
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N— 



(II) 



wherein R 3 and R 4 are independently a hydrogen atom or an alkyl group and n is an integer of 1 or 2; A is a nitrogen 
atom or a partial structure of the following formula (III): 



wherein X 3 is a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyl group, a halogenomethyl 
group, an alkoxyl group or a halogenomethoxyl group which may have a substituent group; and R is a hydrogen atom, 
a phenyl group, an acetoxymethyl group, a pivaloyloxymethyl group, an ethoxycarbonyl group, a choline group, a 
dimethylaminoethyl group, a 5-indanyl group, a phthalidynyl group, a 5-alkyl-2-oxo-1 ,3-dioxol-4-ylmethyl group, a 3-ace- 
toxy-2-oxobutyl group, an alkyl group, an alkoxymethyl group or a phenylalkyl group, and provides a heterocyclic com- 
pound useful as antibacterial drugs. 



.c-x 3 



(III) 



2 



BNSDOCID: <EP. 



0807630A1J_> 



EP 0 807 630 A1 



Description 
TECHNICAL FIELD 

This invention relates to an antibacterial compound useful as medicines, animal drugs, fisheries drugs or antibac- 
terial preservatives and to an antibacterial drug or antibacterial preparation which contains the same. 

BACKGROUND ART 

Though quinolone derivatives having 1-amino-3-azabicyclo[3.2.0]heptan-3-yl group as a substituent are disclosed 
in JP-A-64-56673 and JP-A-3-86875 (the term "JP-A" as used herein means an "unexamined published Japanese pat- 
ent application), nothing is known about the quinolone derivative of the present invention which has the substituent 
derived from this amino-substituted condensed-bicyclic heterocyclic compound and also has a halogenocyclopropyl 
group at the 1 -position. 

Synthetic quinolone antibacterial agents having not only antibacterial activities but also excellent biological distri- 
bution such as oral absorbability, distribution into organs, urinary excretion ratio and the like have been found in recent 
years, and a number of such compounds are now supplied to the clinical field as chemotherapeutic agents effective 
against various infectious diseases. However, the presence of bacterial strains having low sensitivity to these drugs has 
been increasing in recent years in the clinical field. Also, like the case of Staphylococcus aureus (MRS A) having less 
sensitivity against p-lactam antibiotics, strains having low sensitivity to synthetic quinolone antibacterial agents are 
increasing even among strains which are resistant to other drugs than synthetic quinolone antibacterial agents. In con- 
sequence, development of drugs having more higher efficacy has been called for in the clinical field. 

DISCLOSURE OF INVENTION 

The inventors of the present invention think that structures of the 7- and 1 -position substituents are greatly con- 
cerned in the antibacterial activity, efficacy and safety of synthetic quinolone antibacterial agents. In consequence, the 
present inventors have conducted intensive studies to obtain a compound having high antibacterial activity against a 
broad range of bacteria including quinolone-resistant strains and found as the results that a quinolone derivative having 
a substituent group derived from an amino-substituted condensed-bicyclic heterocyclic compound at the 7-position 
shows strong antibacterial activity against Gram-positive and Gram-negative bacteria, particularly quinolone-resistant 
bacteria including MRS A, and that not only the antibacterial activity but also excellent efficacy and safety can be 
obtained by a quinolone derivative in which the 1 -position is substituted with a halogenocyclopropyl group, particularly 
a f luorocyclopropyl group. 

In the quinolone derivative of the present invention, a pair of enantiomer is attributed only to the 1 -positioned hal- 
ogenocyclopropane ring moiety even in the absence of stereoisomerism in other substituents. This is originated from a 
stereochemical relationship between pyridonecarboxylic acid moiety and halogen atom on the cyclopropane ring. 
When isomers formed in this way are racemic, these derivative is a mixture of enantiomers which could be used as a 
medicine as such. 

On the other hand, when stereoisomerism is also present at other positions, particularly at the 7-position substitu- 
ent, in addition to the stereoisomerism of the halogenocyclopropene ring moiety, such quinolone derivative consists of 
diastereomers, meaning that 4 or more stereoisomers are present. Since the mixture of diastereomers is a mixture of 
compounds having different physical properties, it is difficult to administer the mixture as a medicine. 

The present inventors have made intensive efforts to obtain a quinoline compound consisting of a single stereoi- 
somer even in the case of a 1 -(1 ,2-cis-2-halogenocyclopropyl)-substituted quinolone derivative which consists of dias- 
tereomers. 

As the results, the present inventors have succeeded in obtaining each enantiomer of cis-2-f luorocyclopropylamine 
as a pure compound. The present inventors have also succeeded in obtaining each of the f luorocyclopropane ring-orig- 
inated enantiomers of the quinolone derivative as a compound consisting of single isomer, from the pure cis-fluorocy- 
clopropylamine. The present inventors have also succeeded in obtaining each isomer of an amino-substituted 
condensed-bicyclic heterocyclic compound having an asymmetric carbon atom and a nitrogen as the hetero atom, as 
a pure compound. 

The success in obtaining such quinolone derivative and amino-substituted condensed-bicyclic heterocyclic com- 
pound having a nitrogen atom as a hetero atom, both useful as synthetic intermediates, has rendered possible synthe- 
sis of a stereochemical^ single quinolone derivative composed of single diastereomer. 

Thereafter, the present invention has been accomplished on the basis of a finding that the novel quinolone deriva- 
tive of the present invention which has a group derived from the amino-substituted condensed-bicyclic heterocyclic 
compound at the 7-position and the halogenocyclopropyl group at the 1 -position is a compound which is highly safe and 
shows excellent activity against a broad range of bacterial species including quinolone-resistant strains. 



Accordingly, the present invention 
derivative represented by formula (I): 
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relates to an N r (halogenocyclopropyl)-substituted pyridonecarboxylic acid 



r o o 




wherein X 1 represents a halogen atom or a hydrogen atom; 
X 2 represents a halogen atom; 

R 1 represents a hydrogen atom, a hydroxyl group, a thiol group, a halogenom ethyl group, an amino group, an alkyl 
group having 1 to 6 carbon atoms or an alkoxy group having 1 to 6 carbon atoms, of which the amino group may 
have a substituent selected from the group consisting of a formyl group, an alkyl group having 1 to 6 carbon atoms 
and an acyl group having 2 to 5 carbon atoms, with the proviso that the amino group may be dialkyl-substituted 
when the substituent is alkyl groups which may be the same or different from each other; 

R 2 represents a group having a structure derived from an amino-substituted condensed-bicyclic heterocyclic com- 
pound, represented by formula (II): 



£ 



V* 



(II) 



wherein R 3 and R 4 independently represent a hydrogen atom or an alkyl group having 1 to 6 carbon atoms and 
n is an integer of 1 or 2; 

A represents a nitrogen atom or a partial structure of formula (III): 

\ _ 3 

/ X (HI) 



wherein X 3 represents a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyl group having 1 
to 6 carbon atoms, a halogenomethyl group, an alkoxyl group having 1 to 6 carbon atoms or a halogenomethoxyl 
group, of which the amino group may have a substituent selected from the group consisting of a formyl group, an 
alkyl group having 1 to 6 carbon atoms and an acyl group having 2 to 5 carbon atoms, with the proviso that the 
amino group may be dialkyl-substituted when the substituent is alkyl groups which may be the same or different 
from each other; and 

R represents a hydrogen atom, a phenyl group, an acetoxymethyl group, a pivaloyloxymethyl group, an ethoxycar- 
bonyl group, a choline group, a dimethylaminoethyl group, a 5-indanyl group, a phthalidynyl group, a 5-alkyl-2-oxo- 
1 ,3-dioxol-4-ylmethyl group, a 3-acetoxy-2-oxobutyl group, an alkyl group having 1 to 6 carbon atoms, an alkoxyme- 
thyl group having 2 to 7 carbon atoms or a phenylalkyl group composed of an alkylene group having 1 to 6 carbon 
atoms and a phenyl group; 
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or a salt thereof. 

The present invention also relates to the aforementioned compound or a salt thereof, in which the halogenocyclo- 
propyl group in the formula (I) is a 1 ,2-cis-2-halogenocyclopropyl group. 
5 The present invention also relates to the aforementioned compound or a salt thereof, in which R 2 in the formula (I) 

is a stereochemical! y pure substituent. 

The present invention also relates to the aforementioned compound or a salt thereof, in which the halogenocyclo- 
propyl group in the formula (I) is a stereochemical^ pure substituent. 

The present invention also relates to the aforementioned compound or a salt thereof, in which the halogenocyclo- 
io propyl group is a (1 R,2S)-2-halogenocyclopropyl group. 

The present invention also relates to the aforementioned compound or a salt thereof, in which X 2 is a fluorine atom. 
The present invention also relates to an antibacterial drug which contains the aforementioned compound of the for- 
mula (I) or a salt thereof as an active ingredient. 

The following describes substituents of the compound of the present invention represented by the formula (I). 
is When each of X 1 , X 2 and X 3 is a halogen atom, X 1 and X 2 are most preferably a fluorine atom and X 3 is preferably 
a fluorine atom or a chlorine atom. 

R 1 is a hydrogen atom, a hydroxyl group, a thiol group, a halogenomethyl group, an amino group, an alkyl group 
having 1 to 6 carbon atoms or an alkoxy group having 1 to 6 carbon atoms, of which the amino group may have a formyl 
group, an alkyl group having 1 to 6 carbon atoms or an acyl group having 2 to 5 carbon atoms as a substituent, with the 
20 proviso that the amino group may be dialkyl-substituted when the substituent is alkyl groups which may be the same or 
different from each other. 

As for R 1 , the alkyl group may be straight or branched-chain alkyl groups having 1 to 6 carbon atoms, but is prefer- 
ably methyl, ethyl, n-propyl or isopropyl group. 

As the halogen atom of the halogen.omethyl group, a fluorine atom is particularly preferred and the number of the 
25 atom may be 1 to 3. Preferred examples of the halogenomethyl group include a f luoromethyl group and a dif luoromethyl 
group. 

When R 1 is an amino group, a hydroxyl group or a thiol group, these groups may be protected with ordinarily used 
protective groups. 

Examples of such protective groups include alkoxycarbonyl groups such as tertiary butoxycarbonyl, 2,2,2-trichlo- 
30 roethoxycarbonyl and the like, aralkyloxycarbonyl groups such as benzyloxycarbonyl, paramethoxybenzyloxycarbonyl, 
paranitrobenzyloxycarbonyl and the like, acyl groups such as acetyl, methoxyacetyl. trifluoroacetyl, chloroacetyl, pival- 
oyl, formyl, benzoyl and the like, alkyl or aralkyl groups such as tertiary butyl, benzyl, paranitrobenzyl, paramethoxyben- 
zyl, triphenylmethyl and the like, ethers such as methoxymethyl, tertiary buyoxymethyl, tetrahydropyranyl. 2,2,2- 
trichloroethoxymethyl and the like, and silyl groups such as trimethylsilyl, isopropyldimethylsilyl, tertiary butyldimethyls- 
35 ilyl, tribenzylsilyl, tertiary butyldiphenylsilyl and the like. 

Of these protective groups, ethers and silyl groups may be used preferably as protective groups for a hydroxyl 
group and a thiol group, and other protective groups can be used as protecting groups of any one of an amino group, a 
hydroxyl group and a thiol group. 

X 3 is a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyl group having 1 to 6 carbon atoms, 
40 a halogenomethyl group, an alkoxyl group having 1 to 6 carbon atoms or a halogenomethoxyl group, of which the amino 
group may have a formyl group, an alkyl group having 1 to 6 carbon atoms or an acyl group having 2 to 5 carbon atoms 
as a substituent, with the proviso that the amino group may be dialkyl-substituted when the substituent is alkyl groups 
which may be the same or different from each other. 

As for X 3 , the alkyl group may be straight or branched-chain alkyl groups having 1 to 6 carbon atoms, but is prefer- 
45 ably methyl, ethyl, n-propyl or isopropyl group. 

As the halogen atom of the halogenomethyl group, a fluorine atom is particularly preferred and the number of the 
atom may be 1 to 3. Preferred examples of the halogenomethyl group include a f luoromethyl group and a dif luoromethyl 
group. 

The alkoxyl group may have 1 to 6 carbon atoms and is preferably a methoxyl group. 
so As the halogen atom of the halogenomethyl group, fluorine atom is particularly preferred and the number of/the 
atom may be 1 to 3. 

When A is a partial structure represented by the following formula (III), 

X C-X 3 (in) 

// 
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preferred combination of R 1 and X 3 is that R 1 is an amino group, a hydrogen atom, a hydroxyl group or an alkyl group 
having 1 to 6 carbon atoms and X 3 is an alkyl group having 1 to 6 carbon atoms, an alkoxyl group having 1 to 6 carbon 
atoms, a halogen atom, a halogenomethoxyl group or a hydrogen atom. 

In more preferred combination, R 1 is an amino group, a hydrogen atom, a hydroxyl group or a methyl group and X 3 
5 is a methyl group, a methoxyl group, a fluorine atom, a chlorine atom, a difluoromethoxyl group or a hydrogen atom. 

In most preferred combination, R 1 is an amino group, a hydrogen atom, a hydroxyl group or a methyl group and X 3 
is a methyl group or a methoxyl group. 

To these R 1 and X 3 groups. X 1 and X 2 are preferably fluorine atoms. 

R 2 is a group represented by the following formula (I I) 



15 




(II) 



which is derived from an amino-substituted condensed-bicyclic heterocyclic compound represented by the following for- 
20 mula 



25 




30 

(though a case in which the 5-membered ring nitrogen is hydrogen-substituted is shown herein, it may be substituted 
with other substituent such as a protective group for nitrogen atom). This group has an amino group as a substituent on 
the bridge head carbon atom. In consequence, this moiety seems to have a small-membered alicyclic cyclic amine 
structure, so that the present inventors think that this structure is taking an important role for the appearance of the 
35 excellent properties of the compound of the present invention. 

The term "condensed-bicyclic heterocyclic compound" as used herein means a compound which has a structure 
formed by the replacement of a ring structure-forming carbon atom of a condensed-bicyclic hydrocarbon compound by 
a hetero atom such as a nitrogen atom or the like. 

In the above formula. R 3 and R 4 independently represent a hydrogen atom or an alkyl group having 1 to 6 carbon 
40 atoms and n is an integer of 1 or 2. The alkyl group may be either straight or branched chain having 1 to 6 carbon atoms, 
and is preferably a methyl group. 

Also, R 3 and R 4 may be combined to from a methylene chain having 2 to 6 carbon atoms and a ring structure 
including a nitrogen atom to which R 3 and R 4 are bonded. 

In a preferred combination of R 3 and R 4 . one of R 3 and R 4 is a hydrogen atom and the other is an alkyl group having 
45 1 to 6 carbon atoms. 

In a more preferred combination, one of R 3 and R 4 is a hydrogen atom and the other is a methyl group or an ethyl 
group. 

Also, n is an integer of 1 or 2. 

The present inventors have found that the following groups are also preferable as the substituent R 2 . 
so It is known that a quinolone derivative, which has 3-aminomethylpyrrolidine as a substituent. shows strong antibac- 
terial activity against Gram-positive bacteria. For example, a 7-(3-aminomethylpyrrolidinyl)quinolonecarboxylic acid 
derivative is disclosed in Journal of Medicinal Chemistry, vol. 29, p. 445 (1986). and a 7-[3-(1-amino-1-methylethyi)pyr- 
rolidinyljquinolonecarboxylic acid derivative is disclosed in Journal of Medicinal Chemistry, vol. 37. p. 733 (1994). 
On the other hand, though quinolone derivatives having a 3-aminoalkylpyrrolidinyl group on the 7-position show 
55 strong antibacterial activity against Gram-negative and Gram-positive bacteria, many of these compounds act upon not 
only bacteria but also eucaryotic cells because of their low selective toxicity, so that it is difficult to use them as medi- 
cines or animal drugs. 

The present inventors have conducted intensive studies on quinolone derivatives having a 3-aminoalkylpyrrolidinyl 
group on the 7-position. As the result, it has been found that a quinolone derivative having high antibacterial activity, 
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excellent safety and high selective toxicity can be obtained when both of its 5- and 8-positions of the quinolone skeleton 
are substituent groups other than a hydrogen atom. 

That is, the 3-aminoalkylpyrrolidinyl group is preferable, a pyrrolidinyl group having an aminoalkyl group on its 3- 
position represented by the following formula (IV) 




(IV) 



15 which is derived from a 3-aminoalkylpyrrolidine compound represented by the following formula 



20 




(though a case in which the pyrrolidine nitrogen atom is hydrogen-substituted is shown herein, it may be substituted 
with other substituent such as a protective group for nitrogen atom). 

In the above formulae, R 5 and R 6 independently represent a hydrogen atom or an alkyl group having 1 to 3 carbon 
atoms. The alkyl group may be either straight or branched chain, and is preferably a methyl group or an ethyl group. 
30 Also, R 5 and R 6 may be combined to from a methylene chain having 2 to 6 carbon atoms and a ring structure 
including a nitrogen atom bonded to R 5 and R 6 . 

R 7 represents an alkyl group having 1 to 6 carbon atoms and R 8 represents a hydrogen atom or an alkyl group hav- 
ing 1 to 6 carbon atoms. 

In a preferred combination of R 5 and R 6 . one of R 5 and R 6 is a hydrogen atom and the other is an alkyl group having 
35 1 to 3 carbon atoms. 

In a more preferred combination, one of R 5 and R 6 is a hydrogen atom and the other is a methyl group or an ethyl 
group. 

The pyrrolidine derivative having an aminoalkyl group on its 3-position can be produced, for example, in accord- 
ance with the method disclosed in JP-A-63-166876 or JP-A-3-72476. 
40 In addition, the present inventors have found that a quinolone derivative having an aminocycloalkyl group-substi- 
tuted saturated nitrogen-containing heterocyclic substituent shows strong antibacterial activity against Gram-positive 
bacteria particularly including MRSA. 

That is, it is a case in which R 2 is a saturated nitrogen-containing heterocyclic substituent having a structure repre- 
sented by the following formula (V). 



50 




In this formula, R 9 is a hydrogen atom or an alkyl group having 1 to 6 carbon atoms. The alkyl group may be either 
straight or branched chain having 1 to 6 carbon atoms, and is preferably methyl, ethyl, n-propyl or isopropyl group. 
R 10 is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, a hydroxyl group-containing alkyl group having 
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1 to 6 carbon atoms or a halogen atom-containing alky I group having 1 to 6 carbon atoms. 

The alkyl group may be either straight or branched chain having 1 to 6 carbon atoms, and is preferably methyl, 
ethyl, n-propyl or isopropyl group. 

As the hydroxyl group-containing alkyl group having 1 to 6 carbon atoms, a 2-hydroxyethyl group or a 3-hydroxy- 
s propyl group is preferred. 

As the halogen atom of the halogen atom-containing alkyl group having 1 to 6 carbon atoms, 1 to 3 fluorine atoms 
are particularly preferred. As the halogen atom-substituted alkyl group having 1 to 6 carbon atoms, a 2-fluoroethyl 
group, a 2,2-difluoroethyl group or a 2,2,2-trif luoroethyl group is particularly preferred. 

Also, R 9 and R 10 may be combined to from a methylene chain having 2 to 6 carbon atoms and a ring structure 
io including a nitrogen atom bonded to R 9 and R 10 . 

In a preferred combination of R 9 and R 10 , one of R 9 and R 10 is a hydrogen atom and the other is an alkyl group 
having 1 to 6 carbon atoms, or R 9 is a hydrogen atom and R 10 is a hydroxyl group-containing alkyl group having 1 to 6 
carbon atoms. 

In a more preferred combination, one of R 9 and R 10 is a hydrogen atom and the other is a methyl group or an ethyl 
15 group, or R 9 is a hydrogen atom and R 10 is a 2-hydroxyethyl group. 

Also, p is an integer of 1 to 3. preferably 2, and q is an integer of 1 to 3. preferably 1 or 2. 

Binding with R 2 at the 7-position of the mother nucleus of the quinolone compound may be effected most preferably 
on the R 2 ring structure-forming nitrogen atom, but also on a carbon atom of R 2 . 

When stereoisomerism is present in R 2 and the quinolone mother nucleus compound is allowed to react directly 
20 with a mixture of stereoisomers of the compound represented by formula R 2 -H . which is the source of the substituent 
R 2 . the formed quinolone derivative becomes a mixture of diastereomers due to the 1 ,2-cis-2-halogenocyclopropyl 
group at the 1 -position. Because of this, when stereoisomerism is present in R 2 , it is desirable to allow only one of the 
isomers of the R 2 -H compound to be reacted with the quionolone mother nucleus compound. 

When R 2 is introduced into the 7-position of the quinolone and the R 2 -H compound contains an amino group, the 
25 amino group may be subjected to the reaction as a compound converted into an ordinary protective group. 

Examples of such protective groups include alkoxycarbony I groups such as tertiary butoxycarbonyl, 2,2,2-trichlo- 
roethoxycarbonyl and the like, aralkyloxycarbonyl groups such as benzyloxycarbonyl, paramethoxybenzyloxycarbonyl, 
paranitrobenzyloxycarbonyl and the like, acyl groups such as acetyl, methoxyacetyl, trifluoroacetyl, chloroacetyl, pival- 
oyf, formyl, benzoyl and the like, alkyl or aralkyl groups such as tertiary butyl, benzyl, paranitrobenzyl, paramethoxyben- 
30 zyl, triphenylmethyl and the like, alkylsulfonyl groups or halogenoalkylsulfonyl groups such as methanesulfonyl, 
trifluoromethanesulfonyl and the like, and arylsulfonyl groups such as benzenesulfbnyl, toluenesulfonyl and the like. 

Next, the halogenocyclopropyl group at the N 1 -position is described. 

Examples of the halogen atom to be substituted include a fluorine atom and a chlorine atom, of which a fluorine 
atom is particularly preferred. 

35 With regard to the stereochemical environment in this moiety, it is particularly desirable that the halogen atom and 
the pyridonecarboxylic acid moiety take a cis configuration against the cyclopropane ring. 

So-called enantiomeric isomers are formed only by this 1 -position cis-2 -halogenocyclopropyl moiety independent 
of the stereoisomerism of substituent groups at other positions, particularly R 2 at the 7-position. Strong antibacterial 
activity and high safety have been found in each of these isomers. 

40 When the compound (I) of the present invention has a structure in which diastereomers exist and such a compound 
of the present invention is administered to human and animals, it is desirable to administer a compound comprising a 
pure diastereomer. The term "comprising a pure diastereomer" means not only a case in which the other diastereomer 
is entirely absent but also a case of chemically pure degree. In other words, the other diastereomer may be contained 
in such a degree that it does not exert influences upon physical constants and physiological activities. 

45 Also, the term "stereochemical^ pure" means that when a compound has a plurality of isomeric species due to its 
asymmetric carbon atom, the compound is composed of only one of these species. The term "pure" in this case can 
also be considered in the same manner as described above. 

The pyridonecarboxylic acid derivative of the present invention may be used as its free form, or as an acid addition 
salt or a salt of its carboxyl group. Examples of the acid addition salt include inorganic acid salts such as hydrochloride, 

so sulfate, nitrate, hydrobromide, hydroiodide, phosphate and the like and organic acid salts such as acetate, methanesul- 
fonate, benzenesulfonate, toluenesulfonate, citrate, maleate. fumarate, lactate and the like. 

The salt of carboxyl group may be any one of inorganic and organic salts such as lithium salt, sodium salt, potas- 
sium salt and the like alkali metal salts, magnesium salt, calcium salt and the like alkaline earth metal salts, ammonium 
salt, triethylamine salt, N-methylglucamine salt, tris-(hydroxymethyl)aminomethane salt and the like. 

55 In addition, these free form, acid addition salts and carboxyl group salts of the pyridonecarboxylic acid derivative 
may be present as hydrates. 

On the other hand, quinolone derivatives, in which the carboxylic acid moiety is an ester, are useful as synthetic 
intermediates and prodrugs. For example, alkyl esters, benzyl esters, alkoxyalkyl esters, phenylalkyl esters and phenyl 
esters are useful as synthetic intermediates. 
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Examples of esters to be used as prodrugs are those which are easily hydrolyzed in the living body to form a free 
carboxylic acid, such as acetoxymethyl ester, pivaloiloxy methyl ester, ethoxycarbonyl ester, choline ester, dimethylami- 
noethyl ester, 5-indanyl ester, phthalidinyl ester and oxoalkyl esters such as 5-alkyl-2-oxo-1,3-dioxol-4-yl methyl ester, 
3-acetoxy-2-oxobutyl ester and the like. 
5 The compound of the present invention represented by the formula (I) can be produced by various methods. In a 

preferred example, it can be produced by allowing the compound of the formula R 2 -H (wherein R 2 is as defined in the 
foregoing in relation to the formula (I), except that the amino group may be protected by a protective group Rx of the 
nitrogen atom), or an acid addition salt thereof to react with a compound (a quionolone mother nucleus compound) rep- 
resented by formula (VI): 



S 1 0 0 



15 




(VI) 



wherein X is a substituent which serves as a leaving group, for example, a fluorine atom, a chlorine atom, a bromine 
atom, an alkylsulfonyl group having 1 to 3 carbon atoms or arylsulfonyl groups such as a benzenesulfonyl group, a tol- 
uenesulfonyl group and the like, R is the same R defined in the formula (I) or a group represented by formula (VII): 

25 

— B^ R 12 (VII) 

30 

wherein each of R 11 and R 12 is a fluorine atom or a lower alkylcarbonyloxy group, 
and X 1 , X 2 , R 1 and A are as defined in the formula (I). 

The protective group Rx of the nitrogen atom is any group generally used in this field, and examples of such pro- 

35 tective group include alkoxycarbonyl groups such as tertiary butoxycarbonyl, 2,2,2-trichloroethoxycarbonyl and the like, 
aralkyloxycarbonyl groups such as benzyloxycarbonyl, paramethoxybenzyloxycarbonyl, paranitrobenzyloxycarbonyl 
and the like, acyl groups such as acetyl, methoxyacetyl, trifluoroacetyl, chloroacetyl, pivaloyl, formyl, benzoyl and the 
like, alkyl or aralkyl groups such as tertiary butyl, benzyl, paranitrobenzyl, paramethoxybenzyl, triphenyl methyl and the 
like, alkylsulfonyl or halogenoalkylsulfonyl groups such as methanesulfonyl. trtfluoromethanesulfonyl and the like, and 

40 arylsulfonyl groups such as benzenesulfonyl, toluenesulfonyl and the like. 

When R is a carboxylic acid derived from an aralkyl group comprising an alkyl group having 1 to 6 carbon atoms, 
an alkoxymethyl group having 2 to 7 carbon atoms or a group composed of an alkylene group having 1 to 6 carbon 
atoms and phenyl group, the compound of interest represented by the formula (I) can be obtained by carrying out con- 
version into corresponding carboxylic acid under acidic or basic conditions which are common in the hydrolysis of car- 

45 boxylic acid esters and, if necessary in such case that the other substituents are protected, removing the protective 
group under corresponding suitable conditions. 

When R in the compound of the formula (VI) is a group represented by the aforementioned formula (VII), its con- 
version into corresponding carboxylic acid can be made by firstly carrying out its substitution reaction with the com- 
pound R 2 -H and then treating with an acidic or basic compound. 

so Substitution reaction of the compound of formula (VI) with the compound of R 2 -H can be carried out with or without 
a solvent. When a solvent is used, it may be inert under the reaction conditions. Examples of suitable solvents include 
dimethyl sulfoxide, pyridine, acetonitrile, ethanol, chloroform, dimethylformamide, dimethylacetamide. N-methylpyrro- 
lidone, tetrahydrofuran, water, 3-methoxybutanol and mixtures thereof. 

The reaction can be carried out at a temperature of generally from room temperature to 200°C, preferably from 25 

55 to 1 50°C. The reaction time is 30 minutes to 48 hours, and the reaction is completed generally in a time of from 30 min- 
utes to 2 hours. 

It is advantageous to carry out the reaction in the presence of an acid receptor which includes inorganic bases such 
as carbonates or hydrogencarbonates of alkali metals or alkaline earth metals and organic basic compounds such as 
triethylamine. pyridine and the like. 
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The following describes examples of the synthesis of amino-substituted condensed-bicyclic heterocyclic com- 
pounds. For example, 1 -tert-butoxycarbonylamino-3-[(1 S)-phenylethyl]-3-azabicyclo[3. 1 .OJhexane comprising a stereo- 
chemical^ pure isomer can be obtained by the following method. 
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That is, (S)-(-)-phenyiethylamine is allowed to react firstly with glycido! using ethanoi as a solvent and then with 
acrylonitrile to give N.(2-cyanoethyl)-N-[(1S)-phenylethyl]-3-amino-1.2iDropanediol. This compound is allowed to react 
with triphenylphosphine and carbon tetrabromide to give N-(2-cyanoethyl)-N-[(1S)-phenylethyl]-3-amino-1,2-dibromo- 
propane. This compound is allowed to undergo reaction in the presence of a strong base to yield 1-cyano-3-[(1S)-phe- 

35 nylethyl]-3-azabicyclo[3.1. OJhexane. Since this compound has phenylethyl group at the 3-position and asymmetric 
carbon atom at the 1 -position, a mixture of diastereomers is obtained. These isomers can be separated from each other 
by a silica gel column chromatography or a high performance liquid chromatography. Each of the thus obtained isomers 
is allowed to react with a base in an ordinary method to yield 3^(1 S)-phenylethyl]-3-azabicyclo[3. 1 . OJhexane- 1-carbox- 
ylic acid. When this compound is subjected to Curtius reaction in the presence of tert-butanol, it can be converted at 

40 once into protected 3-[(1S)-phenylethyl]-3-azabicyclo[3.1.0]hexane-1 -carboxylic acid. This reaction can be carried out 
easily when diphenylphosphorylazide is used, but synthesis of the intermediate aside is not limited thereto and any 
ordinary synthetic method can be employed. When the phenylethyl group is removed from this compound by catalytic 
hydrogenation in an ordinary method, 1 -tert-butoxycarbonylamino-3-azabicyclo[3. 1 .OJhexane comprising a pure optical 
isomer is obtained. 

45 1-Tert-butoxycarbonyl-3-azabicyclo[3.2.0]heptane which comprises stereochemical ly single isomer can be 
obtained, for example, by the following method. 
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That is, 1 -bromocyclobutenecarboxylic acid ethyl ester is allowed to react with a base to yield 1 -cyclobutenecarbox- 

25 ylic acid. This compound is allowed to react with ethyl iodide using a base to yield 1 -cyclobutenecarboxylic acid ethyl 
ester. Using an acid as a catalyst, this compound is allowed to react with n-butoxymethyltrimethylsilylmethyl[(S)-phe- 
nylethyl]amine to yield 3-[(S)i3henylethyI]-3-azabicyclo[3.2.0]heptane-1-carboxylic acid ethyl ester. Trifluoroacetic acid 
can be exemplified as the acid to be used in this reaction. Since this compound has phenylethyl group at the 3-position 
and asymmetric carbon atom at the 1 -position, a mixture of diastereomers is obtained. These isomers can be sepa- 

30 rated from each other by a silica gel column chromatography or a high performance liquid chromatography. Each of the 
thus obtained isomers is allowed to react with benzyl chloroformate to give 3-benzyloxycarbonyl-3-azabicy- 
clo[3.2.0]heptane-1-carboxylic acid ethyl ester. This compound is subjected to ester hydrolysis in an ordinary method 
to give 3-benzyloxycarbonyl-3-azabicyclo[3.2.0]heptane-1 -carboxylic acid. When this compound is subjected to Curtius 
reaction in the presence of tert-butanol, it can be converted at once into protected 1-tert-butoxycarbonyl-3-benzyloxy- 

35 carbonyl-3-azabicyclo[3.2.0]heptane. This reaction can be carried out easily when diphenylphosphorylazide is used, 
but synthesis of the intermediate azide is not limited thereto and any ordinary synthetic method can be employed. When 
the benzyloxycarbonyl group is removed from this compound by catalytic hydrogenation in an ordinary method, 1-tert- 
butoxycarbonyl-3-azabicyclo[3.2.0]heptane comprising a pure optical isomer is obtained. 

The following describes examples of the synthesis of the aminocycloalkyl group-substituted saturated nitrogen- 

40 containing heterocyclic compound which is necessary for the introduction of the aminocycloalkyl group-substituted sat- 
urated nitrogen-containing heterocyclic group. In the following reaction formulae or description, Me means a methyl 
group, Et means an ethyl group, Ph means a phenyl group, Z means a benzyloxycarbonyl group, Boc means a tert- 
butoxycarbonyl group, TFA means a trifluoroacetic acid and Ts means a p-toluenesulfonyl group. In some cases, the 
arrow means a plurality of reaction steps. 

45 

1. Production of (3R)-3-(1-aminocyclopropyl)pyrrolidine: 
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(3R)-Ethyl 1-[(R)-1-phenylethyl]pyrrolidine-3-acetate described in U.S. Patent 621,101 is allowed to react with 
benzyl chlorocarbonate to give (3R)-ethyl 1 -benzyl oxycaibonylpyrrolidine-3-acetate. 
30 Next, this compound is allowed to react firstly with a strong base and then with ethyl chlorocarbonate to give 1 - 

benzyloxycarbonyl-3-(R)-pyrrolidinylmalonate. The compound is allowed to react a base to yield ethyl hydrogen 1- 
benzyloxycarbonyl-3-(R)-pyrrolidinylmalonate. 

Next, this compound is allowed to react with Eschenmoser's salt to yield ethyl 2-(1 -benzyloxycarbonyl-3-(R)- 
pyrrolidinyi)acrylate. This compound is allowed to react with diazomethane using palladium acetate as a catalyst to 
35 give ethyl 1 -(1 -benzyloxycarbonyl-3-(R)-pyrrolidinyl)cyclopropanecarboxylate. 

Next, this compound is converted into 1-(1-benzyloxycarbonyl-3-(R)-pyrrolidinyl)cyclopropanecarboxylic acid 
by subjecting hydrolysis with a base in an ordinary method. 

When this compound is subjected to Curtius reaction in the presence of tert-butanol, it can be converted at 
once into protected (3R)-1-benzyloxycarbonyl-3-(1-tert4jutoxycarbonylaminocyclopropyl)pyrroridine. This reaction 
40 can be carried out easily when diphenylphosphorylazide is used, but synthesis of the intermediate azide is not lim- 
ited thereto and any ordinary synthetic method can be employed. 

When Z is removed from the thus obtained (3R)-1-benzyloxycarbonyl-3-(1-tert-butoxycarbonylaminocyclopro- 
pyl)pyrroridine by an ordinary catalytic hydrogenation or the like means, (3R)-3-(1-tert-butoxycarbonylaminocyclo- 
propyl)pyrroridine is obtained. 

45 Also, a (3S)-3-(1-aminocyclopropyl)pyrroridine derivative can be obtained when (3S)-ethyl [1-(S)-phenyle- 

thyl]pyrroridine-3-acetate is used in stead of (3R)-ethyl [1-(R)-phenylethyl]pyrroridine-3-acetate. 

Also, (3R)-1-benzyloxycarbonyl-(1-ethoxycarbonylcyclopropyl)pyrroridine can be produced in the following 
manner. 

2. Alternative method for the production of (3R)-3-(1-aminocyclopropyl)pyrroridine: 
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Ethyl acetoacetate is allowed to read with 1 ,2-dibromoethane to obtain ethyl 1 -acetylcyclopropanecarboxylate. 
Next, ethyl 1 -acetylcyclopropanecarboxylate is allowed to react with zinc powder and ethylbromoacetate to give 
ethyl 1 -ethoxycarbonyl-p-hydroxy-p-methyl-cyclopropanoate. 

Next, this compound is allowed to react with thionyl chloride using pyridine as a solvent to yield 1 -ethoxycarb- 
onyl-p-chloro-p-methytcyclopropanepropanoate and then with a base to obtain (E)-ethyi 3-(1 -ethoxycarbonylcydo- 
propyl)-2-butenoate. Examples of the organic bases to be used include pyridine. 2,6-lutidine and the like aromatic 
heterocyclic compounds, as well as 1 ,8-diazabicycio[5.4.0]undec-7-ene. 1 ,5-diazabicyclo[4.3.0]non-5-ene and the 
like organic bases. 

(E)-Ethyl 3-(1-ethoxycarbonylcyclopropyl)-2-butenoate thus obtained is allowed to react with N-bromosuccin- 
imide to give (E)-ethyl 4-bromo-3-(1-ethoxycarbonylcyclopropyl)-2-butenoate which is then allowed to react with 
(S)-phenylethylamine to yield 4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1 -phenyl ethyl] -3-pyrrolin-2-one. This com- 
pound is subjected to an ordinary catalytic hydrogenation to obtain 4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1-phe- 
nylethyl]-2-pyrrolidone. This compound is a diastereomer mixture due to the presence of (S) -phenyl ethyl group on 
the 1 -position. Separation of this mixture can be effected by a fractional recrystallization or a silica gel column chro- 
matography. 

• The thus separated (4R)-4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1-phenylethyl]-2-pyrrolidone is allowed to 
react with Lawesson reagent to give (4S)-4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1-phenylethyl]-2-pyrrolidi- 
nethione. This reaction can also be effected using phosphorus pentasulf ide. 

The thus obtained (4S)-4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1-phenylethyl]-2-pyrrolidinethione is allowed to 
react with Raney nickel and then with benzyl chloroformate to yield (3R)-1-benzyloxycarbonyl-(1-ethoxycarbonyl- 
cyclopropyl)pyrrolidine. 

Thereafter, (3R)-3-(1 -aminocyclopropyl)pyrrolidine is obtained by the aforementioned reaction. 

(3R)-3-(1-Alkylaminocyclopropyl)pyrrolidine or (3R)-1-[1-(N-tert-butoxycarbonyl-N(2-hydroxye- 

thyl)amino)cyclopropyl]pyrrolidine can be synthesized in the following manner. 
3. Production of (3 R)-3-(1 -substituted aminocyclopropyl)pyrrolidine: 
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In order to obtain (3R)-3-(1-methylaminocyclopropyl)pyrroiidine, (3R)-1-benzyloxycarbonyl-3-(1-tert-butoxy- 
carbonylaminocyclopropyl)pyiTolidine is firstly allowed to react with methyl iodide and silver oxide in N,N-dimethyl- 
fbrmamide to obtain (3R)-1 -benzyloxycarbonyl-3-[1 -(N-tert-butoxycailDonyl-N-methyl)aminocyclopropyI]pyrrolidine. 

(3R)-1-Benzyloxyrarbonyl-3-[1-(N«tert-birt^^ can be obtained 

when ethyl iodide is used instead of methyl iodide. 

Thereafter, 2 is removed from this compound by an ordinary catalytic hydrogenation to give (3R)-3-{1 -alkylami- 
nocyclopropyl)pyrrolidine. 

In order to obtain (3R)0-[1-(N-tert^utoxycarbonyl-N-(2-hydroxyethyl)amino)cyclopropynpyrrolidine, Boc is 
firstly removed from (3R)-1 -benzyloxycarbonyl-3-(1 -tert-butoxycarbonylaminocyclopropyl)pyrrolidine by its reaction 
under an acidic condition using trrf luoroacetic acid, hydrochloric acid or the like, and the product is then allowed to 
react with benzyloxyacetyl chloride in the presence of triethylamine or the like acid-removing agent to yield (3R)-3- 
[1-(benzyloxyacetyl)aminocyclopropyl]-1-benzyloxycarbonylpyrrolidine. 

By reducing this compound with borane-tetrahydrofuran complex and then adding Boc thereto, (3R)-1-benzy- 
loxycarbonyl-3-[1 -(N-2-benzyloxyethyl-N-tert-butoxycarbonyl)aminocyclopropyl]pyrroiidine is obtained. 

Thereafter, the benzyl group and 2 are removed from this compound by an ordinary catalytic hydrogenation to 
give (3R)-1 -[1 -(N-tert-butoxycait>onyl-N-(2-hydroxyethyl)amino)cydopropyl]pyrrol idine. 

3-(1-Tert-butoxycarbonylaminocyclobutyl)pyrrolidine can be produced, for example, by the following method. 
4. Production of 3-(1-tert-butoxycarbonylaminocyclobutyl)pyrrolidine; 
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Ethyl hydrogen 1,1 -cyclobutanedicarboxylate is allowed to react with diphenylphosphoric acid azide together 
35 with triethylamine or the like acid-removing agent using tert-butanol as the solvent to give ethyl 1 -tert-butoxycarbo- 
nylaminocyclobutanecarboxylate. 

The ester of this compound is hydrolyzed under an alkaline condition to give 1 -tert-butoxycarbonylaminocy- 
clobutanecarboxylic acid. This compound is allowed to react with 1 f 1'-carbonyldiimidazole, dicyclohexylcarbodiim- 
ide, chlorocarbonic acid ester or the like to give an active ester or an acid anhydride mixture and then with 
40 magnesium salt of ethyl hydrogen malonate to yield ethyl 1-tert-butoxycarbonylamino-p-oxocyclobutanepro- 
panoate. 

This compound is reduced with sodium borohydride to yield ethyl 1-tert-butoxycarbonylamino-p-hydroxycy- 
clobutanepropanoate. 

This compound is converted into sulfonate by allowing it to react with methanesulfonyl chloride or p-toluenesul- 
45 fonyl chloride using triethylamine, pyridine or the like base as an acid-removing agent, and the resulting compound 
is then allowed to react with pyridine. 2,6-lutidine or the like aromatic heterocyclic compound or 1 ,8-diazabicy- 
clo[5.4.0]undec-7-ene. 1,5-diazabicyclo[4.3.0]non-5-ene or the like organic base to give ethyl 1-tert-butoxycarbo- 
nylaminocyclobutanepropenoate. 

This compound can also be synthesized by converting the alcohol into a halide using thionyl chloride or thionyl 
so bromide and then allowing the product to react with the aforementioned base. 

This compound is allowed to react with nitromethane in the presence of a base to give ethyl 3-(1-tert-butoxy- 
carbonylaminocyclobutyl)-4-nitrobutanoate. Examples of the base to be used in this reaction include 1,1,3,3- 
tetramethylguanidine, 1,8-diazabicyclo[5.4.0]undec-7-ene and the like organic bases. 

This reaction can be carried out using a solvent or nitromethane as the solvent. Examples of the solvent to be 
55 used in this reaction are those which are inert under the reaction conditions, such as benzene, toluene and the like 
aromatic compounds, chloroform, dichloromethane and the like chlorine-based compounds or diethyl ether, tet- 
rahydrofuran and the like ether compounds. 

When the thus obtained ethyl 3-(1-tert-butoxycarbonylaminocyclobutyl)-4-nitrobutanoate is subjected to usu- 
ally used catalytic hydrogenation, 4-(1-tert-butoxycarbonylaminocyclobutyl)-2-pyrrolidone cyclized at once after 
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reduction of nitro group into amino group is obtained. 

When uncyclized 4-amino-3-(1-tert-butoxycarbonylaminocyclobutyl)butanoate is present, it can be converted 
into 4-(1-tert-butoxycarbonylaminocyclobutyl)-2-pyrrolidone by heating it with or without using benzene, toluene or 
the like solvent. 

5 In this cyclization reaction, sodium ethylate, potassium butylate or the like base can be used. 

Next, 4-(1-tert-butoxycarbonylaminocyclobutyl)-2-pyrrolidone is allowed to react with benzyl bromide or benzyl 
chloride using a base to yield 1-benzyl-4-(1-tert-butoxycarbonylaminocyclobutyl)-2-pyrrolidone. 

This compound is treated under an acidic condition to remove Boc, thereby obtaining 4-(1-aminocyclobutyl)-1- 
benzyl-2-pyrrolidone. This reaction can be carried out using any usually used method for the removal of Boc. 
10 4-(1-Aminocyclobutyl)-1-benzyl-2-pyrrolidone trifluoroacetate can be used in the following reaction as an acid 

addition product such as trifluoroacetate or as its free form which can be obtained by neutralizing it in the usual way 
after the reaction. 

4-(1-Aminocyclobutyl)-1-benzyl-2-pyrrolidone trifluoroacetate is allowed to react with D-(R)-N-p-toluenesulfo- 
nylproline acid chloride in the presence of pyridine or the like acid-removing agent to give 1-benzyl-4-[1-[N*-p-tol- 
15 uenesulfonyl-2-(R)-pyrrolidinecarbonyl]aminocyclobutyl]-2-pyrrolidone which is then separated into 2 
stereoisomers. 

Separation of the isomers can be effected by a silica gel column chromatography or a high performance liquid 
chromatography. 

Each of the thus separated isomers is hydrolyzed with an acid to give optically active 1-benzyl-4-(1-aminocy- 
20 clobutyl)-2-pyrroiidone. Each of the optical isomers is allowed to react with lithium aluminum hydride to yield 1-ben- 
zyl-3-(1 -aminocyclobutyl)pyrrolidine which is subsequently allowed to react with di-tert-butyldicarbonate to give 1 - 
benzyl-3-(1-tert-butoxycarbonylaminocyclobutyl)pyrrolidine. 

When this compound is subjected to catalytic hydrogenation in an ordinary method, optically active 3-(1-tert- 
butoxycarbonylaminocyclobutyl)pyrrolidine is obtained. 
25 3-(1 -Tert-butoxycarbonylaminocyclopropyl)azetidinecan be produced, for example, by the following method. 

5. Production of 3-(1-tert-butoxycarbonylaminocyclopropyl)azetidine: 



30 



35 



45 



50 



OTs ElOOC COOEt SOOC COOEi 



OH OTs V 

Ph-^Ph Ph-^Ph ph^Ph 

EtOOC COOH EtOOC ^. EtOOC. 



40 N 

2 




HOOC A BocHN 





1-Benzhydryl-3-hydroxyazetidine is allowed to react with p-toluenesulfonyl chloride using an acid-removing 
agent to give 1-benzhydryl-3-(p-toluenesulfonyloxy)azetidine. This compound is allowed to react with diethyl 
55 malonate in the presence of a base to give diethyl (1-benzhydryl-3-azetidinyl)malonate. 

This compound is allowed to react with benzyl chloroformate to yield diethyl (1-benzyloxycarbonyl-3-azetidi- 
nyl)malonate which is then subjected to partial ester hydrolysis to obtain ethyl hydrogen (1-benzyloxycarbonyl-3-aze- 
tidinyl)malonate. 
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When this compound is allowed to react with Eschenmoser's salt, ethyl 2-(1-benzyloxycarbonyl-3-azetidinyl)acr- 
ylate is obtained. Using a base, this compound is allowed to react with trimethylsulfoxonium iodide to give ethyl 
benzyloxycarbonyl-3-azetidinyl)cyclopropanecarboxylate. 

This compound is hydrolyzed to yield l-(l-benzyloxycarbonyl-3-azetidinyl)cyclopropanecarboxylic acid which is 
s then allowed to react with diphenylphospholic acid azide in the presence of a base using t-butanol as the solvent to yield 
1-benzyloxycarbonyl-3-(1-tert-butoxycarbonylaminocyclopropyl)azetidine. When this compound is subjected to cata- 
lytic hydrogenation in an ordinary method, 3-(1-tert-butoxycarbonylaminocydopropyl)azetidine is obtained. 

A quinolone compound having a substituent group represented by the formula (IV) or (V) can be produced in the 
same manner as the case of the production of quinolone compound having the substituent group of formula (II). 
10 On the other hand, synthesis of a compound of formula (VIII) comprising a single isomer from an optically active 
cis-2-f luorocyclopropylamine derivative can be carried out. for example, in accordance with the method disclosed in JP- 
A-2-231475. 
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6,7.8-Trif luoro-1 -[(1 R,2S)-2-fluorocyclopropyl]-1 ,4-dihydro-5-hydroxy-4-oxoquinoline-3-carboxylate as a member 
of the compound represented by formula (VIII) can be synthesized in the following manner. 

Ethyl 2,3,4,5,6-pentafluorobenzoylacetate is allowed to react with N,N-dimethylformamide dimethylacetal and then 
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with (1R,2S)-2-fluorocyclopropylamine p-toluenesulfonate in the presence of triethylamine or the like acid-removing 
agent, thereby ethyl 5,67,8-tetraf luoroO -[(1 R,2S)-2-f is 
obtained. 

This compound is allowed to react with benzyl alcohol in the presence of a base to give ethyl 5-benzyloxy-6,7,8- 
5 trifluoro-1-[(1R ( 2S)-2-fluorocyclopropyl)-1,4-dihydro-4-oxoquinoline-3-carboxylate. This reaction can be carried out in 

accordance with any known method in this field. Examples of the base useful in this reaction include sodium hydride, 

potassium carbonate, sodium hydroxide and potassium hydroxide. 

When this compound is treated under an acidic condition, S.T.S-trifluoro-l-KIR.aSJ^-fluorocyclopropyll-l^-dihy- 

dro-5-hydroxy-4-oxoquinoline-3-carboxylate is obtained. 
10 A member of the compound of formula (VIII) in which R 1 is amino group and X 3 is a lower alkyl group can be 

obtained in the same manner as described above, using 2,4,5-trifluoro-6-nitrobenzoic acid having a lower alkyl group 

on its 3-position, as a starting material which is obtained by subjecting 2,4,5-trifluorobenzoic acid having a lower alkyl 

group on its 3-position to nitration in the usual way. 
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Though 3-methyl-2,4,5-trif luorobenzoic acid can be produced in accordance with the method disclosed in JP-A-61 - 
35 205240 or JP-A-3-951 76, it can be synthesized more easily by the following method. 
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55 That is, a 3,4,5,6-tetraf luorophthalic acid diester is allowed to react with a malonic acid diester using a base to give, 
for example, diethyl 4-diethoxycarbonylmethyl-3,5,6-trifIuorophthalate. 

The base, which can be used in this reaction, may be either an inorganic base or an organic base, and examples 
of the inorganic base include hydroxides, carbonates, hydrogen-carbonates and the like of alkali metals, such as lithium 
hydroxide, sodium hydroxide, potassium hydroxide, lithium carbonate, sodium carbonate, potassium carbonate, sodium 
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bicarbonate, potassium bicarbonate and the like. Phase-transfer catalysts such as quaternary ammonium salts and the 
like can also be used in this reaction. 

Examples of the organic base include trialkylamines such as triethylamine, tripropylamine, tributylamine. N,N-diiso- 
propylethylamine and the like, dialkylanilines such as diethylaniline, dimethylaniline and the like and saturated or aro- 
matic heterocyclic compounds such as N-methyimorpholine, pyridine, N,N-dimethylaminopyridine and the like. 

When a solvent is used, it may be inert under the reaction conditions. Examples of suitable solvent include dimethyl 
sulfoxide, pyridine, acetonitrile, ethanol, chloroform, dimethylformamide, dimethylacetamide. N-methylpyrrolidone, tet- 
rahydrofuran, benzene, toluene, water and mixtures thereof. 

The reaction can be carried out at a temperature of generally from 0 to 150°C t preferably from 25 to 100°C. 

Next, diethyl 4-diethoxycarbonylmethyl-3,5,6-trifluorophthalate is hydrolyzed under an acidic or basic condition to 
yield 4-carboxymethyf-3,5,6-trif luorophthalic acid. 

Examples of the acid to be used in this reaction include concentrated sulfuric acid and concentrated hydrochloric 
acid. Examples of the base include inorganic bases such as hydroxides, carbonates, hydrogencarbonates and the like 
of alkali metals, including lithium hydroxide, sodium hydroxide, potassium hydroxide, lithium carbonate, sodium carbon- 
ate, potassium carbonate, sodium bicarbonate, potassium bicarbonate and the like. 

The thus obtained 4-carboxym ethyl -3, 5, 6-trif luorophthalic acid is heated in dimethyl sulfoxide in the presence of a 
base to give 3-methyl-2,4,5-trif luorobenzoic acid. 

Examples of the organic base to be used in this reaction include trialkylamines such as triethylamine, tripro- 
pylamine, tributylamine, N,N-diisopropylethylamine and the like, dialkylanilines such as diethylaniline, dimethylaniline 
and the like and saturated or aromatic heterocyclic compounds such as N-methylmorpholine, pyridine. N,N-dimethyl- 
aminopyridine and the like. 

The reaction can be carried out at a temperature of generally from 100 to 200°C. preferably from 100 to 150°C. The 
reaction may be carried out for 1 to 96 hours, but it will be completed generally within 5 to 48 hours. 

This production process can be carried out in the same manner when 3,4,5,6-tetrafluorophthalonitrile is used 
instead of 3,4,5,6-tetrafluorophthalic acid diester as the starting material. Also, malononitrile may be used instead of 
malonic acid diester, and an alkylmalonic acid diester and an alkylmalononitrile are useful for the production of a 3-alkyl- 
2.4,5-trifluoro-6-nitrobenzoic acid which has an alkyl group other than methyl group. 

Since the compound of the present invention shows strong antibacterial actions, it can be used as medicines for 
human, animals and fishes or preservatives of agricultural chemicals and food. 

When the compound of the present invention is used as a medicine in human, its dose may be in the range of from 
50 mg to 1 g, preferably from 1 00 mg to 300 mg, per adult per day. 

When used in animals, its dose varies depending on the purpose of administration (treatment or prevention), kind 
and size of each animal to be treated, kind of infected pathogenic bacterium and degree of the infection, but is generally 
in the range of from 1 to 200 mg. preferably from 5 to 100 mg, per day per 1 kg of animal body weight. 

The daily dose may be used once a day or divided into 2 to 4 doses per day. If necessary, the daily dose may 
exceed the range recited above. 

Since the compound of the present invention is active upon a broad range of microorganisms which cause various 
types of infectious diseases, it can heal, prevent or alleviate diseases caused by these pathogenic microorganisms. 

Examples of bacteria and bacterioidal microorganisms sensitive to the compound of the present invention include 
the genus Staphylococcus. Streptococcus pyogenes, hemolytic streptococcus, enterococcus, pneumococcus, the 
genus Peptostreptococcus, gonococcus, Escherichia coli, the genus Citrobacter, the genus Shigella, Friedlander's 
bacillus, the genus Enterobacter, the genus Serratia, the genus Proteus, Psuedomonas aeruginosa, Haemophilus 
influenzae, the genus Acinetobacter. the genus Campylobacter. Chlamydia trachomatis and the like. 

Examples of diseases caused by these pathogenic microorganisms include folliculitis, furuncle, carbuncle, erysip- 
elas, phlegmon, lymphangitis, felon, subcutaneous abscess, hidradenitis. acne, infectious atheroma, perirectal 
abscess, mastitis, superficial secondary infections such as of injury, burn injury, operative wound and the like, pharyn- 
golaryngitis, acute bronchitis, tonsillitis, chronic bronchitis, bronchiectasis, diffuse panbronchiolitis. secondary infection 
of chronic respiratory disease, pneumonia, pyelonephritis, cystitis, prostatitis, epididymitis, gonococcal urethritis, non- 
gonococcal urethritis, cholecystitis, cholangitis, bacillary dysentery, enteritis, uterine adnexitis, intrauterine infection, 
bartholinitis, blepharitis, hordeolum, dacryocystitis, tarsadenitis. corneal ulcer, otitis media, sinusitis, periodontium 
inflammation, pericrown inflammation, jaw inflammation, peritonitis, endocarditis, sepsis, meningitis, dermal infection 
and the like. 

The compound of the present invention is also effective against various microorganisms which cause infectious dis- 
eases in animals, such as those which belong to the genera Escherichia. Salmonella, Pasteurelie, Haemophilus, 
Bordetella, Staphylococcus. Mycoplasma and the like. Illustrative examples of such diseases include coli bacillosis, 
pullorum disease, chicken paratyphoid fever, fowl cholera, infectious coryza, staphylococcal infection, mycoplasma 
infection and the like in the case of birds, coli bacillosis, salmonellosis, pasteurellosis, haemophilus infection, atrophic 
rhinitis, exudative epidermis, mycoplasma infection and the like in the case of swine, coli bacillosis. salmonellosis, hem- 
orrhagic sepsis, mycoplasma infection, bovine pleuropneumonia, bovine mastitis and the like in the case of cattle, coli 
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sepsis, salmonella infection, hemorrhagic sepsis, uterine empyema, cystitis and the like in the case of dogs, and exu- 
dative pleurisy, cystitis, chronic rhinitis, haemophilus infection, kitten diarrhea, mycoplasma infection and the like in the 
case of cats. 

The antibacterial agent, which comprises the compound of the present invention, can be prepared making use of 
5 various commonly used pharmaceutical drug preparation methods by selecting appropriate dosage form correspond- 
ing to each administration method. Examples of the dosage form of the antibacterial agent which contains the com- 
pound of the present invention as the active component include oral preparations such as tablets, powders, capsules, 
solutions, syrups, elixirs, oily or aqueous suspensions and the like. 

When used as injections, the preparation may contain a stabilizing agent, an antiseptic agent and a solubilizing 
10 agent. As occasion demands, a solution which may contain such auxiliary substances may be packed in containers and 
made into a solid preparation by freeze-drying or the like means to be dissolved again before its use. Also, a container 
may be packed with a single dose or multiple doses. 

The antibacterial agent of the present invention may also be made into preparations for external use such as solu- 
tions, suspensions, emulsions, ointments, gels, creams, lotions, sprays and the like. 
15 Solid preparations contain pharmaceutical^ acceptable additives together with the active compound and can be 
produced by mixing these additives optionally selected, for example, from fillers, extenders, binders, disintegrating 
agents, solubilizing agents, moistening agents, lubricants and the like. 

Liquid preparations include solutions, suspensions, emulsions and the like which may contain suspending agents, 
emulsifying agents and the like as additives. 
20 When the compound of the present invention is applied to animals, it may be effected, for example, by a method in 
which the compound is orally administered directly or after adding it to feed, by another method in which the compound 
is made into a solution and then orally administered directly or after adding it to drinking water or feed or by injection. 

When the compound of the present invention is administered to animals, it can be made optionally into powders, 
fine subtilaes, dissolvable powders, syrups or injections in accordance with usually used techniques in this field. 
25 Examples of the formulation of pharmaceutical preparations are shown below. 





Preparation Example 1 (Capsules): 


30 


Compound of Inventive Example 2 


100.0 mg 




Corn starch 


23.0 mg 




CMC calcium 


22.5 mg 




Hydroxymethylcellulose 


3.0 mg 


35 


Magnesium stearate 


1.5 mg 




Total 


150.0 mg 


40 








Preparation Example 2 (Solution): 


45 


Compound of Inventive Example 2 


1 - 10 g 




Acetic add or sodium hydroxide 


0.5 - 2 g 




Ethyl paraoxybenzoate 


0.1 g 




Purified water 


88.9 - 98.4 g 


50 


Total 


100 g 
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Preparation Example 3 (Powder for feed mixing use): 


Compound of Inventive Example 2 

Corn starch 

Soft silicic anhydride 


1 - 10 g 
98.5 - 89.5 g 
0.5 g 


Total 


100 g 



BEST MODE FOR CARRYING OUT INVENTION 

15 

The following Inventive and Reference Examples are provided to further illustrate the present invention, but not by 
way of limitation. The antibacterial activity of optically active compounds of interest was tested in accordance with the 
standard method designated by Japan Society of Chemotherapy. The results are shown in Table 1 as MIC (ng/ml). 

20 Reference Example A-1 : 

N-te-Cvanoethvh-N-K 1 S^phenvlethvl1-3-amino-1 .2-oropanediol 

Glycidol (37 g, 0.5 mol) was added to an ethanol (500 ml) solution of (S)-(-)-phenylethylamine (75 ml, 0.58 mmol) 
25 under ice cooling, and the mixture was stirred for 20 minutes at room temperature and then heated under reflux for 62 
hours. After adding acrylonitrile (40 ml) thereto, the reaction mixture was heated under reflux for 45 hours and then con- 
centrated. Thereafter, the resulting residue was applied to a silica gel column chromatography and eluted with 5% 
methanol-chloroform to yield 121 g (84%) of the title compound. 

30 1 H-NMR(CDCI 3 )6: 

1 .41 - 1 .48 (3H, m) f 2.39 - 2.50 (2H, m), 2.60 - 3.25 (4H, m), 3.41 - 3.46 (1 H, m). 3.68 - 3.78 (2H, m), 3.93 - 
4.02 (1 H, m), 7.27 - 7.40 (5H, m). 

Reference Example A-2: 

35 

N-(2-Cvanoethvn-N-K 1 S)-phenvlethvn-3 -amino-1 .2-dibromopropane 

To a solution of N-(2-cyanoethyl)-N-[(lS)-phenylethyl]-3-amino-1,2-propanediol (24.8 g, 0.1 mol) in benzene (400 
mi) were added triphenylphosphine (57.71 g, 0.22 mol) and carbon tetrabromide (73 g, 0.22 mol). With stirring, the 
40 resulting mixture was heated to 90°C. After separating the supernatant fluid and evaporating the solvent, the resulting 
residue was applied to a silica gel column chromatography and eluted with n-hexane-ethyl acetate (4:1) to yield 38 g 
(100%) of the title compound. 

1 H-NMR(CDCI 3 ) 6: 

45 1.43 - 1.46 (3H, m), 2.35 - 2.44 (2H, m). 2.82 - 2.96 (3H, m), 3.14 - 3.27 (1H, m), 3.67 - 4.15 (4H, m), 7.27 - 

7.40 (5H, m). 

Reference Example A-3: 

so 1-Cvano-3-fnS)-phenvlethvl1'3-azabicvclor3.1.01hexane 

To a solution of N-(2-cyanoethyl)-N-[(1S)-phenylethyl]-3-amino-1, 2-dibromopropane (37.4 g, 0.1 mol) in toluene 
(700 ml) cooled in an ice bath was added dropwise 1 M tetrahydrofuran solution of sodium (bistrimethylsilyl)amide (220 
ml, 0.22 mol), followed by 20 minutes of stirring. After completion of the reaction, saturated ammonium chloride aque- 
55 ous solution (100 ml) was added dropwise to the reaction solution which was subsequently warmed to room tempera- 
ture. The organic layer was separated, washed with saturated brine and then dried over sodium sulfate. After 
evaporation of the solvent, the resulting residue was applied to a silica gel column chromatography and eluted with n- 
hexane-ethyl acetate (9:1) to yield 7.93 g (37%) of low polarity fraction (Fr. 1) of the title compound and then 7.85 g 
(36%) of high polarity fraction (Fr. 2) of the title compound. 
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Fr. 1; 

1 H-NMR (CDCI 3 ) 5: 

1 .09 (1 H, dd, J = 4.5 ( 8.3 Hz), 1 .29 (3H, d, J = 6.4 Hz), 1 .57 (1 H. t. J = 4.5 Hz), 1 .95 - 1 .99 (1 H, m), 2.27 
(1 H, dd, J = 3.9, 9.8 Hz), 2.61 (1 H, d, J = 8.8 Hz), 2.68 (1 H, d, J = 9.8 Hz), 3.33 - 3.38 (2H, m), 7.21 - 7.31 (5H, 
m). 

Fr. 2; 

1 H-NMR (CDCI3) 6: 

1.09 (1H, dd, J = 4.9, 8.3 Hz), 1.29 (3H, d, J = 6.4 Hz), 1.55 - 1.58 (1H, m), 2.04 - 2.09 (1H, m), 2.35 
(1H, d, J = 8.8 Hz), 2.53 (1H, dd, J = 3.9, 9.3 Hz), 2.86 (1H, d, J = 9.3 Hz), 3.18 (1H f d, J = 9.3 Hz), 3.32 - 3.37 
(1H, m) f 7.21 -7.32 (5H, m). 

Reference Example A-4: 

3- f(1S)-Phenvlethvn-3-azabicvclor3.1.0]hexane>1-carboxviicacid (Fr. 11 

To a solution of 1-cyano-3-[(1S)-phenylethyl]-3-azabicyclo[3.1.0]hexane (Fr. 1, 5.6 g, 26.4 mmol) in methanol (500 
ml) was added 2N sodium hydroxide aqueous solution (50 ml), followed by 30 hours of heating under reflux. After evap- 
oration of methanol, the resulting residue was washed with chloroform (30 ml x 2), adjusted to pH 3 with concentrated 
hydrochloric acid and then extracted with n-butanol (80 ml x 3). The extract was dried over sodium sulfate and then the 
solvent was evaporated to give 6.1 1 g (100%) of the title compound in a crude form. This was directly used in the fol- 
lowing reaction. 

Reference Example A-5: 

3-ff 1 S) -Phenvlethvn-3-azabicvclor3. 1 .01hexane-1 -carboxvlicacid 

Fr. 2 was also subjected to the same reaction. 
Reference Example A-6: 

1 -Tert-butOxvcarbonvlamino-3-rn S)-phenvlethvn-3-azabicvclof3. 1 .Ojhexane ( Fr. 1 ) 

To a solution of 3-[(1S)-phenylethyl]-3-azabicyclo[3.1.0]hexane-1-carboxylic acid (Fr. 1, 6.11 g, 26.4 mmol) in terti- 
ary butanol (200 ml) were added diphenylphosphoric acid aside (9.99 g, 34.3 mmol) and triethylamine (4.23 g, 36.9 
mmol), followed by 4 hours of heating under reflux. After cooling the reaction solution, the solvent was evaporated and 
the resulting residue was mixed with 200 ml of ethyl acetate, washed with saturated brine (50 ml x 2) and then dried 
over sodium sulfate. After evaporation of the solvent, the resulting residue was applied to a silica gel column chroma- 
tography and eluted with n-hexane-ethyl acetate (4: 1 ) to give 3. 1 9 g (40%) of the title compound. 

1 H-NMR(CDCI 3 )5: 

0.67 - 0.71 (1H, m), 1.25 - 1.31 (4H, m), 1.45 (9H, s), 1.60 (1H. brs.). 2.30 - 2.38 (1H, m), 2.51 - 2.58 (2H, 
m), 3.20 - 3.35 (2H, m), 4.96 (1 H, brs.), 7.20 - 7.29 (5H, m). 

Reference Example A-7: 

1 -Tert-butoxvcarbonvlamino-3-r(1 S)-Dhe nvlethvn-3-azabicvdor3.1 .0)hexane (Fr. 2) 
1 H-NMR(CDCI 3 )6: 

0.69 - 0.71 (1H, m), 1.25 (3H, d, J = 6.4 Hz), 1.39 (9H, s), 1.50 - 1.72 (2H, m), 2.29 (1H, d, J = 8.3 Hz), 2.58 
- 2.82 (2H, m) ( 3.08 - 3.15 (1H, m), 3.30 - 3.38 (1H, m), 4.82 (1H, brs.), 7.19 - 7.37 (5H, m). 

Reference Example A-8: 

1'Tert-butoxvcarbonvlamino-3-azabicvclor3.1.01hexane (Fr. 1j 

To a solution of 1-tert-butoxycarbonylamino-3-[(1S)-phenylethyl]-3-azabicyclo[3.1 .0]hexane (Fr. 1, 3.1 g, 10.26 
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mmol) in ethanol (50 ml) was added 10% palladium carbon (3 g), followed by 3 hours of catalytic hydrogenation under 
warming by a tungsten lamp and under a pressure of 4 atmospheres. After removing the catalyst by filtration, the sol- 
vent was evaporated to yield 2.04 g (100%) of the title compound. 

5 1 H-NMR(CDCI 3 )6: 

0.85 - 1 .14 (2H, m), 1 .44 (9H, s), 1 .44 - 1 .70 (1 H, m), 2.95 - 3.34 (4H, m), 5.08 (1 H, brs.). 

Reference Example B-1 : 

w 1-Ovclobuten ecarboxvlic acid 

After stopping heating of a reflux solution of 85% potassium hydroxide and 125 ml of toluene, 10 g (48.31 mmol) of 
1-bromocyclobutenecarboxylic acid ethyl ester was added dropwise to the solution at such a rate that the reflux was 
continued. After completion of the dropwise addition, the resulting mixture was again heated under reflux for 1 hour. 
is After cooling to room temperature, water was added thereto, and the resulting water layer was separated. This was 
washed with hexane, acidified with 1 N hydrochloric acid and then extracted with ether. The organic layer was washed 
with water and saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, 4.1047 g (41.88 
mmol, 86.7%) of the title compound was obtained as a crude product. 

20 Reference Example B-2: 

1 -Cvclobuten ecarboxvlic acid ethyl ester 

To a solution of 3.2425 g (33.09 mmol) of 1-cyclobutenecarboxylic acid in 60 ml of dimethylformamide were added 
25 1 2 ml (150 mmol) of ethyl iodide and 5.53 g (40 mmol) of potassium carbonate, followed by 20 hours of stirring at room 
temperature. The reaction solution was poured into water and extracted with ether. The organic layer was washed with 
water and saturated brine and then dried over anhydrous sodium sulfate. By evaporating the solvent, 4.5267 g of the 
title compound was obtained as a mixture with ethyl iodide and ether. 

30 1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.29 (3H, t, J = 7.5 Hz), 2.47 (1 H, dt, J = 1.0. 3.0 Hz), 2.73 (1H, t, J - 3.0 Hz), 4.19 (2H, q, J = 7.5 Hz), 6.77 

(1H,t. J = 1.0 Hz). 
Reference Example B-3: 

35 

3-ff SVPhenvlethyll-3-azabicvclor3.2.01heotane-1 -carboxvlicacid ethyl ester 

With cooling in an ice bath, 0.116 ml (1.5 mmol) of trifluoroacetic acid was added dropwise to 4.5267 g (33.09 
mmol) of the above mixture of 1-cyclobutenecarboxylic acid ethyl ester with ethyl iodide and ether, and a solution of 

40 14.65 g (50 mmol) of azomethinylide in dichloromethane (100 ml), followed by 64 hours of stirring at room temperature. 
The reaction solution was poured into saturated sodium bicarbonate aqueous solution and extracted with chloroform. 
The organic layer was washed with water and saturated brine, and then dried on anhydrous sodium sulfate. After evap- 
oration of the solvent, the resulting residue was purified by a silica gel column chromatography (n-hexane:ethyl acetate 
= 10:1) to yield 4.1832 g (14.58 mmol, 44.1% for 2 steps from Reference Example B-2) of the title compound as a dias- 

45 tereomer mixture. This mixture was separated by a high performance liquid chromatography to yield 1 .9203 g (6.69 
mmol. 20.2% for 2 steps from Reference Example B-2) of a low porality substance (fr. 1) and 990.5 mg (3.45 mmol, 
10.4% for 2 steps from Reference Example B-2) of a high porality substance (fr. 2). 

Low porality substance (fr. 1) 

50 

1 H-NMR (400 MHz. CDCI 3 ) 6: 

1 21 (3H, t, J = 7.0 Hz), 1.40 (3H, d, J = 6.5 Hz), 1.77 - 1.84 (1H. m), 1.97 -2.05 (1H, m), 2.11 - 2.20 (1H, 
m), 2.29 (1 H, dd, J = 6.0, 9.0 Hz), 2.38 (1 H, dt, J = 6.5, 1 1 .0 Hz), 2.69 (1 H, d, J = 9.0 Hz), 2.96 (1 H, dt, J = 5.0, 9.5 
Hz), 3.07 (1 H, d, J = 9.0 Hz), 3.29 (1 H, q, J = 6.5 Hz), 4.1 0 (2H, q. J = 7.0 Hz), 7.21 - 7.33 (3H. m), 7.39 - 7.41 (2H, 
55 m). 

High porality substance (fr. 2) 

1 H-NM R (400 MHz, CDCI 3 ) 6: 



23 



BNSDOCID: <EP 0807630A1_L> 



EP 0 807 630 A1 



1.28 (3H, t, J = 7.5 Hz), 1.40 (3H, d, J = 6.5 Hz), 1.68 - 1.72 (1H, m), 2.02 - 2.18 (3H. m), 2.41 (1H, d, J = 
9.0 Hz), 2.45 - 2.50 (1 H, m), 2.55 (1 H, d, J = 9.0 Hz), 2.82 - 2.87 (1 H, m), 3.19 (1 H, d, J = 9.0 Hz), 3.29 (1 H, q, J = 
6.5 Hz). 4.10 (2H, q, J = 7.5 Hz), 7.21 - 7.41 (5H. m). 

5 Reference Example B-4: 

3-Benzvloxvcarbonvl-3-azabtcvclor3.2.01heDtane-1-carboxvlicacid ethvl ester (fr. 1) 

To a solution of 980 mg (3.41 mmol) of 3-[(S)-phenylethyl]-3-azabjcyclo[3.2.0]heptane-1-cartx>xylic acid ethyl ester 
10 in dichloromethane (20 ml) was added dropwise 0.714 ml (5.0 mmol) of benzyl chloroformate under ice cooling, fol- 
lowed by 40 hours of stirring at room temperature. After evaporation of the solvent, the resulting residue was purified by 
a column chromatography (n-hexane:ethyl acetate » 4:1) to give 921.5 mg (2.91 mmol, 85.3%) of the title compound. 

Reference Example B-5: 

75 

3-BenzYlo^YqarbonYl>3-azabicvclor3.2.01heDtane-1-carboxvlicacid ethvl ester (fr. 21 

To a solution of 863.8 mg (3.01 mmol) of 3-[(S)-phenylethyl]-3-azabicyclo[3.2.0]heptane-1-carboxylic acid ethyl 
ester in dichloromethane (15 ml) cooled in an ice bath was added dropwise 0.642 ml (4.5 mmol) of benzyl chlorofor- 
20 mate, followed by 45 hours of stirring at room temperature. After evaporation of the solvent, the resulting residue was 
purified by a column chromatography (n-hexane:ethyl acetate = 4:1) to give 829 mg (2.62 mmol. 87.0%) of the title com- 
pound. 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

25 127 (3H. t, J = 7.0 Hz), 1.72 (1H t br), 1.97 (1H, br). 2.22 (1H. br), 2.56 (1H, dt, J = 8.0. 1 1.5 Hz), 3.10 (1H, 

dd, J = 6.5, 14.5 Hz), 3.38 - 3.42 (1 H, m), 3.66 - 3.84 (3H, m), 4.18 (2H, q. J = 7.0 Hz). 5.18 (2H, s). 7.27 - 7.40 (5H f 
m). 

Reference Example B-6: 

30 

3-Benzvloxvcarbonvl-3-azabicvclor3.2.01heDtane-1-carboxvlicacid (fr. 1) 

To a solution of 920 mg (2.90 mmol) of 1-ethoxycarbonyl-3-benzyloxycarbonyl -3 -azabicyclo[3.2.0] heptane in etha- 
nol (10 ml) cooled in an ice bath was added 6 ml of 1 N sodium hydroxide aqueous solution, followed by 2 hours of sttr- 
35 ring at room temperature. After neutralization with 1 N hydrochloric acid aqueous solution, ethanol was evaporated. The 
resulting residue was mixed with 1 N hydrochloric acid aqueous solution and extracted with chloroform. The organic 
layer was washed with saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, 847.2 mg 
(quantitative) of the title compound was obtained as a crude product 

40 Reference Example B-7: 

3-Benzyloxvcarbonvl-3-azabicvclor3.2.01heDtane-1-carboxvlicacidffr.2) 

To a solution of 825 mg (2.60 mmol) of 1 -ethoxycarbonyl-3-benzyloxycarbonyl-3-azabicyclo[3.2.0]heptane in etha- 
45 nol (10 ml) cooled in an ice bath was added 5 ml of 1 N sodium hydroxide aqueous solution, followed by 2 hours of stir- 
ring at room temperature. After neutralization with 1 N hydrochloric acid aqueous solution, ethanol was evaporated. The 
resulting residue was mixed with 1 N hydrochloric acid aqueous solution and extracted with chloroform. The organic 
layer was washed with saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, 776.6 mg 
(quantitative) of the title compound was obtained as a crude product. 

50 

1 H-NM R (400 MHz, CDCI 3 ) 6: 

1.75 (1H, br), 2.00 (1H, br), 2.25 (1H, br), 2.59 - 2.66 (1H, m), 3.14-3.19 (1H, m), 3.39 - 3.44 (1H, m) t 3.66 
- 3.81 (2H, m), 3.84 - 3.91 (1H, m), 5.18 (2H, s) t 7.29 - 7.39 (5H, m). 

55 Reference Example B-8: 

1 -Tert-butoxvcarbonvl>3-benzvloxvcarbonvl-3-azabicvclor3.2.01heDtane (fr. 1) 

To a solution of 3-benzyloxycarbonyl-3-azabicyclo[3.2.0]heptane-1-carboxylic acid (2.90 mmol) in tertiary butanol 
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(15 ml) were added 0.53 ml (3.8 mmol) of triethylamine and 0.819 ml (3.8 mmol) of diphenylphosphorylazide, followed 
by 9 hours of stirring at 70°C. After cooling to room temperature, the reaction solution was poured into saturated sodium 
bicarbonate and extracted with ethyl acetate. The organic layer was washed with water and saturated brine and dried 
over anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was purified by a silica gel column 
5 chromatography (n-hexane:ethyl acetate = 4:1) to give 81 7.8 mg (2.27 mmol, 78.3% for 2 steps from Reference Exam- 
ple B-2) of the title compound. 

Reference Example B-9: 

10 1 -Tert-butoxvcarbonvl-3-ben2vloxvcarbonvl-3-azabicydof3 20|heptane (fr. 2) 

To a solution of 3-benzyloxycarbonyl-3-azabicyclo[3.2.0]heptane-1-carboxylic acid (2.60 mmol) in tertiary butanol 
(15 ml) were added 0.474 ml (3.4 mmol) of triethylamine and 0.733 ml (3.4 mmol) of diphenylphosphorylazide, followed 
by 9 hours of stirring at 70°C. After cooling to room temperature, the reaction solution was poured into saturated sodium 
15 bicarbonate and extracted with ethyl acetate. The organic layer was washed with water and saturated brine and dried 
over anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was purified by a silica gel column 
chromatography (n-hexane:ethyl acetate = 4:1 ) to give 642.2 mg (1 .78 mmol, 68.4% for 2 steps from Reference Exam- 
ple B-7) of the title compound. 

20 1 H-NM R (400 MHz. CDCI 3 ) 6: 

1.43 (9H, s), 2.18 (3H, br), 2.85 (1H, br), 3.45 - 3.65 (3H, m), 3.87 (1H, br), 4.80 (1H, br), 5.16 (2H, s). 7.31 
- 7.37 (5H, m). 

Reference Example B-10: 

25 

1-Tert-butoxvcarbonvl-3-azabicvclor3.2.01heptane (fr. 1) 

To a solution of 368 mg (1.02 mmol) of 1-tert-butoxycarbonyl-3-benzyloxycarbonyl-3-azabicyclo[3.2.0]heptane in 
methanol (20 ml) was added 400 mg of 20% palladium hydroxidecarbon, followed by vigorous stirring in an atmosphere 
30 of hydrogen gas. After removing insoluble material by filtration through celite, the resulting filtrate was concentrated to 
give 274.6 mg of the title compound as a crude product. 

Reference Example B-1 1 : 

35 iTert-t?u toxycarbQnyl-3-az^abicyclP[3,g.P]heptane (fr, 2) 

To a solution of 360 mg (1.02 mmol) of 1-tert-butoxycarbonyl-3-benzyloxycarbonyl-3-azabicyclo[3.2;0]heptane in 
methanol (20 ml) was added 400 mg of 20% palladium hydroxide-carbon, followed by vigorous stirring in an atmos- 
phere of hydrogen gas. After removing insoluble material by filtration through celite, the resulting filtrate was concen- 
40 trated to give 243.8 mg of the title compound as a crude product. 

1 H-NMR (400 MHz, CD 3 OD) 5: 

1.54 (9H, s), 1.76 - 1.83 (1H, m), 2.31 - 2.45 (3H, m), 3.07 - 3.22 (1H, m), 3.40 - 3.48 (1H, m), 3.51 - 3.67 
(2H, m), 3.68 - 3.71 (1H. m). 

45 
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Inventive Example 1: 

5-Amino-7-n -amino-3-azabicvclo[3.1 .0lhexan-3-vn-6.8-difluoro-1 -IY2SVfluoro-( 1 R)-cvclopronvM .4-dihvdro-4-oxoaui- 
noline-3-carboxvlic acid dr. 1) 



NH 2 O 



10 




COOH 



NH 2 



To a solution of 5-amino-6.7,8-trifluoro-1-[(2S)-fluoro-(1 R)-cyclopropyQ-1 l 4-dihydro-4-oxoquinoline-3-carboxylic 
acid (316 mg, 1 mmol) in acetonitrile (15 ml) were added 1-tert-butoxycarbonylamino-3-azabicydo[3.1.0]hexane (fr. 1) 

20 (396 mg, 2 mmol) and triethylamine (5 ml), followed by 2 hours of heating under reflux. After evaporation of the solvent, 
the resulting residue was mixed with chloroform (20 ml), washed with 10% citric acid (10 ml x 2) and then dried over 
sodium sulfate, subsequently evaporating the solvent. The resulting residue was mixed with concentrated hydrochloric 
acid (5 ml) and stirred for 5 minutes at room temperature. The reaction solution was washed with chloroform (5 m! x 2), 
adjusted to pH 7.3 with 20% sodium hydroxide aqueous solution and then extracted with chloroform (30 ml x 3). After 

25 drying over sodium sulfate, the solvent was evaporated to yield 1 90 mg (48%) of the title compound as a crude product. 
Thereafter, 1 1 1 mg of the title compound was obtained by recrystallizing the crude product from chloroform-methanol- 
ethanol. 

1 H-NMR(0.1 N-NaOD)6: 

30 0.61 - 0.64 (1 H, m), 0.80 - 0.83 (1 H, m), 1 .21 - 1 .83 (3H. m), 3.23 - 3.79 (5H, m), 4.87 - 4.98 (0.5H, m), 8.21 

(1H. s). 





Elementary analysis for 


( 


-18Hi 8 F3N 4 O 3 -0.25H 2 O: 


Calcd.: 


C ( 54.07; 


H, 4.66; 


N, 14.01 


Found : 


C, 53.98; 


H, 4.54; 


N, 13.82 



Melting point (°C): 191 - 203 (decomposition) 
[a] D +72.37° (T = 22.4°C t c = 0.665, 0.1N-NaOH) 



50 



55 
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Inventive Example 2: 

7-(1-Amino-3-azabicvclor3.1.0^ 
line-3-c3rboxylic acid (fr. 1) 



10 




COOH 



To a solution of 6,7-drfluoro-1-[(2S)-fluoro-(1 R)-cyclopropyl]-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 
BF 2 chelate (345 mg, 1 mmol) in sulfolane (4 ml) were added 1-tert-butoxycarbonylamino-3*azabicyclo[3.1.0]hexane 

20 . (fr. 1) (298 mg, 1 .5 mmol) and triethylamine (0.2 ml), followed by 200 hours of stirring at room temperature. After evap- 
oration of triethylamine, the resulting residue was mixed with water (10 ml) and stirred for 30 minutes at room temper- 
ature. The thus precipitated crystals were washed with water, collected by filtration and dissolved in a mixed solvent of 
ethanolrwater = 4:1 (50 ml), and the resulting solution was mixed with triethylamine (5 ml) and heated under reflux for 
3 hours. After evaporation of the solvent, the resulting residue was mixed with chloroform (50 ml), washed with 1 0% cit- 

25 ric acid (20 ml x 2) and then dried over magnesium sulfate, subsequently evaporating the solvent. The resulting residue 
was mixed with concentrated hydrochloric acid (5 ml) and stirred for 5 minutes at room temperature. The reaction solu- 
tion was washed with chloroform (5 ml x 2), adjusted to pH 7.3 with 20% sodium hydroxide aqueous solution and then 
extracted with chloroform (30 ml x 3). After drying over sodium sulfate, the solvent was evaporated. The resulting resi- 
due was subjected to separation purification by a preparative TLC (developed by the lower layer of chlorofornrmetha- 

30 nohwater = 7:3:1) to yield 35 mg of the title compound as a crude product. Thereafter, 18 mg of the title compound was 
obtained by recrystallizing the crude product from chloroform-ethanol. 

1 H-NMR(0.1 N-NaOD) 5: 

0.78 - 0.83 (2H, m), 1.12 - 1.21 (1H. m), 1.38 - 1.39 (1H, m), 1.51 - 1.62 (1H, m), 2.36 (3H, s) f 3.03 (1H, d, 
35 J = 9.3 Hz), 3.31 (1H, d, J = 9.3 Hz), 3.56 (1H, d, J = 9.3 Hz), 3.72 - 3.74 (1H, m). 3.99 - 4.04 (1H, m), 5.00 - 5.08 

(0.5H, m), 7.60 (1 H. d, J = 1 3.67 Hz), 8.44 (1 H. d, J = 2.4 Hz). 





Elementary analysis for 


CigH^FaNsOs'O.ySHaO: 


Calcd.: 


C, 58.68; 


H, 5.31; 


N, 10.81 


Found : 


C, 59.01; 


H, 5.15; 


N, 10.65 



Melting point (°C): 189-210 (decomposition) 



55 
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Inventive Example 3: 

7-(1-Amino-3-aza bicvclor3.1.0lhexan^ 
line-3-carboxvlic acid Or 2) 

5 



10 




COOH 



NH 2 



15 



The titled compound was also synthesized in the same manner as described in Inventive Example 2 using fr. 2. 

20 1 H-NMR (0.1 N-NaOD) 6: 

0.75 - 0.83 (2H, m), 1.13 - 1.17 (1H, m). 1.39-1.41 (1H. m). 1.55-1.61 (1H, m), 2.39 (3H, s). 3.26(1H, d. 
J = 9.3 Hz), 3.35 (1 H, d, J = 9.3 Hz), 3.47 - 3.49 (1 H, m), 3.55 - 3.60 (1 H. m), 3.98 - 4.04 (1 H, m). 5.01 - 5.08 (0.5H, 
m), 7.62 (1H, d, J = 13.67 Hz), 8.45 (1H, d, J = 1.9 Hz). 

25 





Elementary analysis for 


< 


3 19 H 19 F2N3O3-0.25H 2 O: 


Calcd.: 


C, 60.07; 


H, 5.17; 


N, 11.06 


Found : 


C, 59.87; 


H. 5.33; 


N, 10.46 



Melting point (°C): 200 - 217 (decomposition) 

35 

Inventive Example 4: 

7-n-Amino-3-aza bicvdor3.1.01hexan-3-^ 
oline-3-carboxvlic acid (fr. 1) 

40 



O 




COOH 



To a solution of 6,7-difluoro-1-[(2S)-fluoro-(1 R)-cyclopropyl]-8-methoxy-1,4-dihydro-4-oxoquinoline-3-carboxylic 
55 acid BF 2 chelate (217 mg, 0.6 mmol) in dimethyl sulfoxide (2.5 ml) were added 1-tert-butoxycarbony!amino-3-azabicy- 
clo[3.1.0]hexane (fr. 1) (170 mg, 0.86 mmol) and triethylamine (0.2 ml), followed by 150 hours of stirring at room tem- 
perature. After evaporation of triethylamine, the resulting residue was mixed with water (10 ml) and stirred for 30 
minutes at room temperature. The thus precipitated crystals were washed with water, collected by filtration and dis- 
solved in a mixed solvent of ethanol rwater = 4:1 (20 mi), and the resulting solution was mixed with triethylamine (3 ml) 
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and heated under reflux for 2 hours. After evaporation of the solvent, the resulting residue was mixed with chloroform 
(30 ml), washed with 10% citric acid (10 ml x 2) and then dried over magnesium sulfate, subsequently evaporating the 
solvent. The resulting residue was mixed with concentrated hydrochloric acid (5 ml) and stirred for 5 minutes at room 
temperature. The reaction solution was washed with chloroform (5 ml x 2), adjusted to pH 7.3 with 20% sodium hydrox- 
ide aqueous solution and then extracted with chloroform (30 ml x 3). After drying on sodium sulfate, the solvent was 
evaporated to yield 175 mg (74%) of the title compound as a crude product. Thereafter, 80 mg of the title compound 
was obtained by recrystallizing the crude product from chloroform-ethanol -ether. 



1 H-NMR(0.1 N-NaOD)6: 
w 0.67 - 0.69 (1H, m), 0.82 - 0.85 (1H, m), 1.40 - 1.66 (3H, m), 3.42 

(1H, m), 4.98 - 5.05 (0.5H, m). 7.64 (1H, d, J = 13.67 Hz), 8.47 (1H, s). 



3.61 (4H, m), 3.54 (3H, s), 3.98 - 4.03 



15 





Elementary analysis for 


Ci 9 H 19 F2N 3 04 • 0.25H 2 O: 


Calcd.: 


C, 57.65; 


H, 4.96; 


N. 10.61 


Found : 


C, 57.53; 


H f 5.03; 


N. 10.57 



20 

Melting point (°C): 1 88 - 1 85 (decomposition) 
[a] D +138.73° (c = 0.395, 0.1N-NaOH) 

25 Inventive Example 5: 

7-M -Amino-3-azabicvdor3.1 .01hexan-3-vn-6-fluoro-1 -K2SHIu o ro-( 1 m-cvcloDropvn-8-methoxY-1 ,4-dihYdro-4-oxoquin- 
oline-3-carboxvlic acid (fr. 2) 

30 



35 




COOH 



V OMe A/ 



40 



The titled compound was synthesized in the same manner as described in inventive Example 4 using fr. 2. 

45 ^-NMRfO.I N-NaOD)6: 

0.72 - 0.74 (1H, m), 0.86 - 0.89 (1H, m). 1.44 - 1.67 (3H, m), 3.39 - 3.44 (2H, m), 3.58 (3H, s), 3.72 (1H, d, 
J = 7.8 Hz), 3.83 (1H. d, J = 9.8 Hz), 4.01 - 4.06 (1H, m), 5.03 - 5.06 (0.5H, m), 7.66 (1H, d. J = 14.16 Hz), 8.48 
(1H,s). 



50 



55 





Elementary analysis for 


Ci9H 19 F2N3O3-0.25H2O: 


Calcd.: 


C, 57.65; 


H, 4.96; 


N, 10.61 


Found : 


C. 57.61; 


H, 4.93; 


N, 10.72 



Melting point (°C): 189-188 (decomposition) 
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[a] D +45.52° (c = 0.303, 0.1N-NaOH) 
Inventive Example 6: 

5 7-(1 -Amino-3-a2abicvclof3.2.01hept-3-vh>6-f luoro-1 -F2-(SM luoro-1 -f R)-cvclooroDvn-8-methoxv-1 .4-dihvdro-4-oxociuin- 
oline-3-carboxvlic acid ffr. 1) 




NH 2 



To a solution of 1-tert-butoxycarbonyl-3-a2abicyclo[3.2.0]heptane (1.02 mmol) in dimethyl sulfoxide (1.5 ml) were 
added 180 mg (0.5 mmol) of difluoroboric acid ester of 1-[2-(S)-fluoro-1-(R)-cyclopropyl]-6,7-difluoro-8-methoxy-1,4- 
dihydro-4- oxoquinoline-3-carboxylic acid and 0.5 ml of triethylamine. followed by 1 10 hours of stirring at room temper- 

25 ature. After evaporation of triethylamine, the resulting residue was mixed with water, and the thus precipitated crystals 
were collected by filtration. To the thus collected crystals were added 15 ml of 90% methanol and 3 ml of triethylamine, 
subsequently carrying out 4 hours of reflux. This was cooled to room temperature and then concentrated. The resulting 
residue was mixed with 10% citric acid and extracted with chloroform. The organic layer was washed with water and 
saturated brine and dried on anhydrous sodium sulfate, subsequently evaporating the solvent. To the thus obtained res- 

30 idue dissolved in dichloromethane (5 ml) and cooled in an ice bath was added trifiuoroacetic acid (5 ml), followed by 1 
hour of stirring at room temperature. After concentration, the resulting residue was mixed with concentrated hydrochlo- 
ric acid and washed with chloroform. The resulting solution was adjusted to pH 7.5 with concentrated sodium hydroxide 
aqueous solution and then extracted with chloroform. The extract was dried over anhydrous sodium sulfate, subse- 
quently evaporating the solvent. By recrystallizing the resulting residue from ethanol, 75.9 mg of the title compound was 

35 obtained. 

1 H-NMR (400 MHz, 0. 1 N NaOD) 6: 

1.48 - 1.70 (3H, m), 2.03 - 2.24 (3H, m), 2.60 (1H. dd, J = 5.5, 13.0 Hz), 3.22 (1H, d, J = 10.5 Hz), 3.53 (1H, 
dd. J = 5.5, 9.5 Hz), 3.65 - 3.71 (2H, m), 3.72 (3H, s), 4.07 - 4.12 (1H, m), 4.90 - 5.10 (1H. m), 7.74 (1H, d, J = 13.5 
40 Hz),8.50(1H,s). 





Elementary analysis for C20H21N3O4F2 • 1/4H 2 0: 


45 


Calcd.: 


C, 58.604; 


H, 5.286; 


N, 10.251 




Found : 


C. 58.51 ; 


H, 5.38; 


N, 9.94 



so Melting point (°C): 233 - 236 
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Inventive Example 7: 

7-M-Amino-3-azabicvclor3^ 
ofine-3-carboxvlic acid (fr, 2) 

5 



10 




NH 2 



15 



To a solution of 1 -tert-butoxycart>onyl-3-azabicyclo[3.2.0]heptane (0.778 mmol) in dimethyl sulfoxide (1 .5 ml) were 
20 added 180 mg (0.5 mmol) of difluoroboric acid ester of l-[2-(S)-fluoro-1-(R)-cyclopropyl]-6.7-difluoro-8-methoxy-1,4- 
dihydro-4-oxoquinoline-3-carboxylic acid (BF 2 chelate) and 0.5 ml of triethylamine. followed by 115 hours of stirring at 
room temperature. After evaporation of triethylamine, the resulting residue was mixed with water, and the thus precipi- 
tated crystals were collected by filtration. To the thus collected crystals were added 15 ml of 90% methanol and 3 ml of 
triethylamine, subsequently carrying out 4 hours of reflux. This was cooled to room temperature and then concentrated. 
25 The resulting residue was mixed with 1 0% citric acid and extracted with chloroform. The organic layer was washed with 
water and saturated brine, and dried over anhydrous sodium sulfate, subsequently evaporating the solvent. To the thus 
obtained residue dissolved in dichloromethane (5 ml) and cooled in an ice bath was added trifluoroacetic acid (5 ml): 
followed by 1 hour of stirring at room temperature. After concentration, the resulting residue was mixed with concert 
trated hydrochloric acid and washed with chloroform. The resulting solution was adjusted to pH 7.5 with concentrated 1 
30 sodium hydroxide aqueous solution and then extracted with chloroform. The extract was dried over anhydrous sodium 
sulfate, subsequently evaporating the solvent. By recrystallizing the resulting residue from ethanol. 101 .6 mg of the title 
compound was obtained. 

1 H-NMR (400 MHz, 0.1 N NaOD) 5: 
35 1.34 - 1.54 (3H, m), 1.89 - 2.02 (2H, m), 2.04 - 2.14 (2H, m), 2.44 - 2.47 (1H. m), 2.92 (1H. d, J = 10.5 Hz), 

3.35 (1H, d, J = 10.5 Hz), 3.51 - 3.56 (4H, m), 3.74 (1H. d. J = 10.5 Hz). 3.90 - 3.95 (1H, m). 4.70 - 4.91 (1H. m), 
7.57 (1H, d, J - 13.5 Hz), 8.34 (1H, s). 



40 


Elementary analysis for C20H21N3O4F2: 




Calcd.: 


C, 59.236; 


H, 5.224; 


N, 10.369 




Found : 


C. 59.28; 


H, 5.32; 


N, 10.17 



45 



Melting point (°C): 238 - 240 
Inventive Example 8: 

50 

fcAmjnjhH@B^ 
boxylic acid 

A 626 mg (2.92 mmol) portion of (3R,rS)-3-(1-tert-butoxycarbonylaminoethyl)pyrrolidine was suspended in 10 ml 
55 of dimethyl sulfoxide to which were subsequently added 437 mg (1.46 mmol) of 5-amino-1-cyclopropyl-6,7-difluoro-8- 
methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid and 2.80 ml of triethylamine, followed by 21 hours of heating at 150 
- 160°C in a stream of nitrogen. After evaporation of the solvent, the resulting residue was mixed with chloroform, 
washed with water, 10% citric acid aqueous solution and saturated brine in that order, and then dried over anhydrous 
sodium sulfate. After evaporation of the solvent, the thus obtained tertiary butylcarbamate compound was mixed with 4 



31 
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20 



ml of concentrated hydrochloric acid, and the mixture was stirred for 20 minutes at room temperature, washed with chlo- 
roform (50 ml x 3), adjusted to pH 7.4 with sodium hydroxide aqueous solution and then extracted with chloroform. The 
extract was dried over anhydrous sodium sulfate and the solvent was evaporated. By recrystallizing the resulting resi- 
due from ethanol-ether, 369 mg (65%) of the title compound was obtained. 



10 



Melting point: 106 - 107°C 

[a] D 25 = -15.48 (c a 0.394, 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.63 (1H, brs), 0.75 (1H, brs). 1.02 - 1.18 (5H, m), 1.54-1.58 (1H, m). 1.99-2.10 (2H. m), 2.29 (3H, s). 
2.79 (1H, br s), 3.31 - 3.44 (3H, m), 3.58 - 3.60 (1H, m), 3.91 (1H, br s), 8.37 (1H, s). 



15 



Elementary analysis for 
C20H25N 4 O 3 F-1/2H 2 O: 



Calcd.: 
Found : 



C. 60.44; 


H, 6.59; 


C, 60.35; 


H, 6.55; 



N, 14.10 
N, 14.30 



25 



30 



35 



40 



Inventive Example 9: 

5-Amino-7-K3R. 1 'S)-3-f 1 -aminoeth vl)-1 -Dvrrolidinvll-6-f luoro-1 -ff 1 R.2S)-2-f luorocvdoproDvll-l .4-dihvdro-8-methvl-4- 
oxoQuinoline-3-carboxvlic acid 

A 394 mg (1.84 mmol) portion of (3R,rS)-3-(1-tert-butoxycarbonylaminoethyl)pyrrolidine was suspended in 10 ml 
of dimethyl sulfoxide to which were subsequently added 31 7 mg (1 .00 mmol) of 5-amino-6,7-dif luoro-1 -[(1 R,2S)-2-f luor- 
ocyclopropyl]-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and 2.00 ml of triethylamine, followed by 18 hours 
of heating at 150 - 160°C in a stream of nitrogen. After evaporation of the solvent, the resulting residue was mixed with 
chloroform, washed with water, 10% citric add aqueous solution and saturated brine in that order, and then dried over 
anhydrous sodium sulfate. After evaporation of the solvent, the thus obtained tertiary butylcarbamate compound was 
mixed with 3 ml of concentrated hydrochloric acid, and the mixture was stirred for 10 minutes at room temperature, 
washed with chloroform (50 ml x 3), adjusted to pH 7.4 with sodium hydroxide aqueous solution and then extracted with 
chloroform. The extract was dried over anhydrous sodium sulfate and the solvent was evaporated. The resulting residue 
was purified by a preparative TLC (chlorofbrm:methanol:water = 7:3:1), and the resulting crude product was recrystal- 
lized from ethanol to yield 1 18 mg (29%) of the title compound. 

Melting point: 225 - 226°C 

Wd 25 = -305.07 (c = 0.276, 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

1.11 - 1.19 (4H, m), 1.48 - 1.59 (2H, m), 2.09 - 2.13 (2H. m), 2.29 (3H. s). 2.84 (1H, br s), 3.30 (1H, br s), 
3.41 (1H, brs), 3.52 (1H, brs), 3.78 (1H, br s), 3.94 (1H, br s), 8.26 (1H, 2 s). 



45 





Elementary analysis for 
C20H22N4O3F2 • 9/4H 2 0: 




Calcd.: 


C, 53.74; 


H, 6.43; 


N, 12.54 


50 


Found : 


C, 53.80; 


H, 6.02; 


N, 12.48 



55 Reference Example C-1: 

(3R)-Ethvl 1 -benzvioxvcarbonvlDvrrolidine-3-acetate 

A 12 g (45.9 mmol) portion of (3R)-ethyl 1-[(R)-1-phenylethyI]pyrrolidine-3 -acetate known in literatures was dis- 

32 
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solved in 100 ml of dichloromethane to which was subsequently added dropwise 7.87 ml (55.1 mmol) of benzyl chloro- 
formate at room temperature. After completion of the dropwise addition, the mixture was stirred for 1 6 hours at the same 
temperature. After completion of the reaction, the reaction mixture was concentrated. Thereafter, the resulting residue 
was applied to a silica gel column chromatography to yield 10.1 g (76%) of the title compound as an oily substance from 
5 the eluate of n-hexane:ethyi acetate = 5:1 . 

1 H-NMR (400 MHz. CDCI 3 ) 6: 

1.26 (3H, t, J = 7.32 Hz), 1.53 - 1.64 (1H, m), 2.07 - 2.15 (1H, m), 2.36 - 2.42 (2H, m), 2.55 - 2.67 (1H, m), 
3.01 - 3.07 (1H, m), 3.36 - 3.42 (1H, m), 3.49 - 3.62 (1H, m), 3.67 - 3.73 (1H, m), 4.14 (2H, q, J = 7.32 Hz), 5.13 
w (2H f s), 7.29 - 7.38 (5H, m). 

Reference Example C-2: 

Diethyl 1 -benz vloxvcarbonvl-3-f R)-Dvrrolidinvlmalonate 

15 

A 146 mg (0.5 mmol) portion of (3R)-ethyl 1-benzyloxycarbonylpyrrolidine-3-acetate was dissolved in 3 ml of tet- 
rahydrofuran (THF) to which was subsequently added 1 ml (1 mmol) of 1 mol tetrahydrofuran solution of sodium (bist- 
rimethylsilyl)amide at -78°C. After 30 minutes of stirring at the same temperature, 2 ml of tetrahydrofuran solution of 
0.12 ml (1 mmol) ethyl chloroformate was added dropwise to the reaction solution at -78°C and stirred for 2 hours at the 

20 same temperature. After completion of the reaction. 5 ml of 1 N hydrochloric acid was added dropwise to the reaction 
solution which was subsequently warmed to room temperature. The reaction solution was mixed with 40 ml of ethyl ace- 
tate, washed with saturated sodium bicarbonate aqueous solution (50 ml x 1) and saturated brine (50 ml x 1) in that 
order, and then dried on magnesium sulfate. After evaporation of the solvent, the resulting residue was applied to a sil- 
ica gel column chromatography to yield 150 mg (83%) of the title compound as an oily substance from the eluate of n- 

25 hexaneiethyl acetate = 4:1 . 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.24 - 1.29 (6H, m), 1.60 - 1.75 (1H, m), 2.03 - 2.19 (1H. m), 2.79 - 2.91 (1H, m). 3.09 - 3.17 (1H, m). 3.28 
(1 H, d, J = 9.76 Hz). 3.32 - 3.41 (1 H, m), 3.55 - 3.65 (1 H t m). 3.72 - 3.77 (1 H, m). 4.1 7 - 4.24 (4H, m). 5.13 (2H. s), 
30 7.28 - 7.59 (5H f m). 

Reference Example C-3: 

Ethyl hydrogen 1-ben zyloxvcarbonvl-3-fRVpvrrolidinvlmalonate 

35 

A 177 mg (0.49 mmol) portion of diethyl 1-benzyloxycarbonyl-3-(R)-pyrrolidinemalonate was dissolved in 10 ml of 
ethanol. To the solution was added dropwise a solution of 32 mg (0.49 mmol) of potassium hydroxide (85 %) in 10 ml 
of ethanol under ice cooling. After completion of the dropwise addition, the reaction solution was stirred at room tem- 
perature for 18 hours. After completion of the reaction. 20 ml of water was added to the reaction solution and then eth- 
40 anol was evaporated. The remaining aqueous layer was washed with dichloromethane (50 ml x 2). The resulting 
aqueous layer was acidified with concentrated hydrochloric acid and then extracted with diethyl ether (50 ml x 3). The 
organic layers were combined and dried over magnesium sulfate, and then the solvent was evaporated to yield 160 mg 
(97%) of the title compound as an oily substance. 

45 1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.23 - 1.30 (3H. m), 1.63 - 1.71 (1H, m). 2.09 - 2.20 (1H, m), 2.79 - 2.90 (1H, m), 3.10 - 3.20 (1H, m). 3.28 - 
3.43 (2H, m), 3.51 - 3.65 (1H, m), 3.71 - 3.84 (1H, m), 4.19 - 4.25 (2H, m), 5.13 (2H, s). 7.28 - 7.55 (5H, m). 

Reference Example C-4: 

50 

Ethvl 2-(1 >benzvloxvcarbonvl-3-f RVpyrrolidinvnacrvlate 

A 1.94 g (5.78 mmol) of ethyl hydrogen 1-benzyloxycarbonyl-3-(R)-pyrroiidinylmalonate and 2.18 g (11.56 mmol) 
of Eschenmoser's salt were dissolved in 200 ml of acetonitrile, and the solution was mixed with a catalytically effective 
55 amount of potassium acetate and heated under reflux for 12 hours. After completion of the reaction, acetonitrile was 
evaporated, and the resulting residue was mixed with 200 ml of ethyl acetate, washed with 10% citric acid (50 ml x 1). 
10% sodium sulfite aqueous solution (50 ml x 1) and saturated brine (50 ml x 1) in that order. After drying the organic 
layer over sodium sulfate, the solvent was evaporated. Thereafter, the resulting residue was applied to a silica gel col- 
umn chromatography to yield 1 . 1 2 g (64%) of the title compound as an oily substance from the eluate of n-hexane:ethyl 
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acetate = 5:1. 

1 H-NMR (400 MHz, CDCi 3 ) 5: 

1.31 (3H,t, J = 7.33 Hz), 1.53- 1.62(1 H, m), 1.79 - 1.89 (1H, m), 2.11 -2.21 (1H,m), 3.18-3.31 (2H, m), 
5 3.38 - 3.48 (1H, m), 3.51 - 3.63 (1H, m), 4.22 (2H, q, J = 7.33 Hz), 5.14 (2H, s), 5.58 (1H, s), 6.26 (1H, d, J = 1.96 

Hz), 7.29 - 7.38 (5H, m). 

Reference Example C-5: 

10 Ethyl 1 -M -benzvloxvcarbonvl-3-f R) -pyrrol idinvltavclopropanecarboxvl ate 

To a mixture of 852 mg (2.8 mmol) of ethyl 2-(1 -benzyloxycarbonyl-3-(R)-pyrrolidinyl)acrylate and 5 mg (0.02 mmol) 
of palladium acetate was added 100 ml of diethyl ether, followed by dropwise addition of a solution of excess (1 0 equiv- 
alents) diazomethane in diethyl ether while ice cooling. After completion of the dropwise addition, the reaction mixture 
is was stirred at room temperature for 30 minutes. After completion of the reaction, the solvent was evaporated and the 
resulting residue was applied to a silica gel column chromatography to yield 890 mg (quantitative) of the title compound 
as an oily substance from the eluate of n-hexane:ethyl acetate = 3:1 . 

1 H-NMR (400 MHz. CDCI 3 ) 5: 

20 0.71 -0.82(2H, m), 1.19 - 1.28 (5H,m). 1.43 - 1.59 (1H, m), 1.84 - 1.95 (1H, m), 2.73 - 2.85 (1H, m), 2.93 

(1H, dd, J = 10.25 Hz, 18.55 Hz), 3.28 - 3.39 (1H, m), 3.55 - 3.75 (2H, m). 4.09 - 4.15 (2H, m). 5.13 (2H. s). 7.28 - 
7.36 (5H, m). 

Reference Example C-6: 

25 

1 -(1 -Benzvloxycarbonvl-3-(R)-pvrrolidinvncvcloprop anecarboxvlic acid 

A 5.26 g (16.6 mmol) portion of ethyl 1-(1-benzyIoxycarbonyl-3-(R)-pyrrolidinyl)cyclopropanecarboxylate was dis- 
solved in 300 ml of ethanol, and the solution was cooled in an ice bath, mixed with 16.6 ml of 10 N sodium hydroxide 
30 aqueous solution and then stirred at room temperature for 5 days. After completion of the reaction, ethanol was evap- 
orated, and the remaining water layer was then acidified with hydrochloric acid and extracted with diethyl ether (50 ml 
x 4). The organic layers were combined and dried over magnesium sulfate and then the solvent was evaporated to yield 
4.95 g of the title compound quantitatively as an oily substance. 

35 1 H-NMR (400 MHz. CDCI3) 6: 

0.75-0.85 (2H,m), 1.22 - 1.33 (2H, m). 1.45-1.61 (1H, m), 1 .82 - 1 .98 (1 H. m), 2.69 - 2.78 (1H. m), 2.93- 
3.01 (1H, m), 3.25 - 3.36 (1H. m). 3.55 - 3.75 (2H, m). 5.12 (2H. s). 7.28 - 7.35 (5H. m), 11.09 (1H. br s). 

Reference Example C-7: 

40 

f3R)-1-Benzvloxvcarbonvl-3-(1-tert-butoxvcarbonvlaminocvclopropyl)pyrrolidine 

A 289 mg (1 mmol) portion of 1 -(1 -benzyloxycarbonyl-3-(R)-pyrrolidinyl)cyclopropanecarboxylic acid was dissolved 
in 10 ml of tert-butanol. To this solution were added dropwise 0.28 ml (1 .3 mmol) of diphenylphosphoric acid azide and 
45 0.24 ml (1 .6 mmol) of triethylamine in that order at room temperature, followed by 2 hours of stirring at the same tem- 
perature. After confirming formation of the acid azide, the reaction temperature was increased to carry out 18 hours of 
heating under reflux. After completion of the reaction, the solvent was evaporated and the resulting residue was applied 
to a silica gel column chromatography to yield 263 mg (73%) of the title compound as an oily substance from the eluate 
of n-hexane:ethyl acetate = 4:1. 

so 

1 H-NMR (400 MHz, CDCI3) 6: 

0.65 - 0.85 (4H, m), 1.41 (9H. s), 1.59 - 1.75 (1H f m), 1.95 - 2.00 (1H, m), 2.20 - 2.35 (1H, m). 3.07 - 3.15 
(1H, m), 3.27 - 3.35 (1H, m), 3.51 - 3.65 (2H, m), 4.87 (1H, d, J = 10.3 Hz), 5.13 (2H, s), 7.29 - 7.37 (5H, m). 
[a] D 25 = 6.83, (c = 0^731 , CHCI3) 

55 

This product was found to be a 4:1 enantiomer mixture (60% ee) when checked by an HPLC analysis using a chiral 
column. 

Conditions for this analysis are shown below. 
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Column: DAICEL CHIRALCEL OD, 25 cm x 0.46 cm 
Mobile phase: n-hexane:isopropanol = 95:5 
Flow rate: 1 .5 ml/min 
Temperature: room temperature 
5 Detection: UV (254 nm) 

Retention times of the optical isomers are shown below. 

(3R) Form: 13.06 min 
w (3S) Form: 15.65 min 

A 4 g portion of the 4:1 mixture was recrystallized from acetonitrile to afford 2.65 g of the (3R) form. 
[«] D 25 = 10.00, (c = 0.660, CHCI 3 ) 

15 

Reference Example D-1 : 

Ethvl 1-acetvlcvcloDropanecarboxvlate 

20 A 204 ml (1 .6 mol) portion of ethyl acetoacetate and 1 38 ml (1 .6 mol) of 1 ,2-dibromoethane were dissolved in 3 lit- 
ers of N.N-dimethylformamide, and the solution was mixed with 460 g (3.3 mol) of potassium carbonate at room tem- 
: perature and stirred at the same temperature for 2 days. After completion of the reaction, insoluble material was 
removed by filtration and then N.N-dimethylformamide was evaporated under a reduced pressure of 50 mmHg. The 
resulting residue was mixed with 1 .5 liters of diethyl ether, washed with water (500 ml x 3) and then dried over anhy- 

25 drous sodium sulfate. By evaporating diethyl ether, 1 13.43 g (45%) of the title compound was obtained as an oily sub- 
stance. 

1 H-NM R (400 MHz, CDCI3) 6: 

1.29 (3H, t, J = 6.84 Hz), 1.47 (4H, s), 2.47 (3H, s), 4.21 (2H, q, J = 6.84 Hz). - 

30 

Reference Example D-2: 

Ethvl 1 -ethoxvcarbonvt-B-hydroxv-S-methyl-cvclop ropaneDropanoate 

35 a 61.7 g (0.39 mol) portion of ethyl 1-acetylcyclopropanecarboxylate was dissolved in 500 ml of benzene to which 
were subsequently added 13 g of zinc powder and a catalytically effective amount of iodine. While heating under reflux, 
a solution of 56.2 ml (0.51 mol) of ethyl bromoacetate in 100 ml of benzene was added dropwise to the mixture above. 
When the reaction started to progress, the dropwise addition was suspended, 39 g of zinc powder was added in small 
portions and then the remaining ethyl bromoacetate benzene solution was added dropwise. After completion of the 

40 addition, the reaction solution was heated under reflux for another 2 hours. The reaction solution was cooled spontane- 
ously, mixed with 500 ml of 1 N hydrochloric acid and then filtered through celite. The organic layer was separated, 
washed with saturated brine (500 ml x 2) and then dried over anhydrous sodium sulfate. By evaporating the solvent, 
90.31 g (95%) of the title compound was obtained as an oily substance. 

45 1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.08 - 1.18 (4H, m), 1.23 (3H, t. J = 6.84 Hz), 1.27 (3H, t. J = 7.33 Hz), 1.43 (3H, s), 2.91 (1H, d, J = 15.14 
Hz), 2.98 (1H, d. J = 15.14 Hz), 4.09 (2H, q, J = 6.84 Hz), 4.19 (2H, dq, J = 1.95 Hz, J » 6.84 Hz). - 

Reference Example D-3: 

50 

(E)-Ethvl 3-(1 -ethoxvcarbonvlcvclopropvh-2-butenoate 

A 90.31 g (0.37 mol) portion of ethyl 1 -ethoxycarbonyl-p-hydroxy-p-methyl-cyclopropanepropanoate was dissolved 
in 182 ml of pyridine to which was subsequently added dropwise thionyl chloride at -10°C to -5°C. After completion of 
55 the dropwise addition, this was stirred at the same temperature for 3 hours. After completion of the reaction, the reaction 
solution was poured into 1 liter of ice water and extracted with dichloromethane (300 ml x 3). The organic layers were 
combined, washed with 1 N hydrochloric acid (1 liter x 1) and saturated brine (1 liter x 1) in that order and then dried 
on anhydrous sodium sulfate. To the resulting dichloromethane solution was added dropwise 58 ml of 1 ,8-diazabicy- 
clo[5,4,0]-7-undecene at 0°C, followed by 18 hours of stirring at room temperature. After completion of the reaction, the 
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reaction solution was washed with 1 N hydrochloric acid (1 liter x 1) and saturated brine (1 liter x 1) in that order, and 
then dried over anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was applied to a silica 
gel column chromatography to yield 56.57 g (68%) of the title compound as an oily substance from the eluate of n-hex- 
aneiethyl acetate = 9:1 . 

5 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.01 (2H, dd, J = 3.91 Hz. J = 6.84 Hz), 1.24 (3H, t J = 7.32 Hz), 1.28 (3H, t, J = 7.32 Hz), 1.40 (2H, dd, J = 
3.91 Hz, J = 6.84 Hz), 2.29 (3H, d, J = 1.46 Hz), 4.13 (2H, q, J = 7.32 Hz), 4.16 (2H, q, J = 7.32 Hz). 5.78 (1H. d, J 
= 0.98 Hz). 

10 

Reference Example D-4: 

4-(1 -Ethoxycarbonylcyclopropyl)-1 -[(S)-1 phenyl ethyl] -3 pyrrol in -2-one 

75 A 25.37 g (0.1 1 mol) portion of (E)-ethyl 3-(1-ethoxycarbonylcyclopropyl)-2-butenoate was dissolved in 300 ml of 
carbon tetrachloride to which were subsequently added 23.9 g (0.13 mol) of N-bromosuccinimide and a catalytically 
effective amount of azobisisobutyronitrile, followed by 5 hours of reflux under sunlight. After completion of the reaction, 
the reaction solution was filtered and the resulting filtrate was concentrated. The thus obtained residue was dissolved 
in 250 ml of ethanol and mixed with 18.83 g (0.22 mol) of sodium bicarbonate. Thereto was added dropwise 15.84 ml 

20 (0.12 mol) of (S)-phenylethylamine at a room temperature. After completion of the dropwise addition, this was stirred 
for 30 minutes at room temperature and then heated for 4 hours under reflux. After completion of the reaction, the sol- 
vent was evaporated and the resulting residue was mixed with 500 ml of ethyl acetate, washed with water (500 ml x 1), 
1 N hydrochloric acid (500 ml x 2) and saturated brine (500 ml x 2) in that order, and then dried over anhydrous sodium 
sulfate. After evaporation of the solvent, the resulting residue was applied to a silica gel column chromatography to yield 

25 1 3.1 g (39%) of the title compound as an oily substance from the eluate of n-hexane:ethyl acetate = 1:1. 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.13 - 1.15 (2H. m), 1.18 (3H, t, J = 6.83 Hz), 1.60 (3H, d, J = 7.32 Hz), 1.61 - 1.64 (2H, m), 3.80 (1H, d, J = 
19.53 Hz), 4.09 (2H f q, J = 6.83 Hz). 4.13 (1H, d, J = 19.53 Hz), 5.56 (1 H, q, J = 7.32 Hz), 5.85 (1H, t. J = 1 .47 Hz), 
30 7.25 - 7.37 (5H. m). 

Reference Example D-5: 

4-(1 -Ethoxycarbony|qycloprQpyl)-1 -[(S)-1 -phenylethyl]-2-pyrrQlidone 

35 

A 13.1 g (43.8 mmol) portion of 4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1-phenylethyI]-3-pyrrolin-2-one was dis- 
solved 300 ml of methanol, mixed with 400 mg of platinum oxide and then stirred in an atmosphere of hydrogen for 18 
hours. After completion of the reaction, the reaction solution was filtered and concentrated to yield 1 3.0 g (99 %) of the 
titled compound as an oily substance. 
40 This product was found to be a mixture of (4S):(4R) = 3.5:1 when checked by an NMR analysis. 

1 H-NMR (400 MHz, CDCI 3 ) 5: 

0.63 - 0.65 and 0.71 -0.73 (2H, m), 1.11 - 1.28(5H, m), 1.51 - 1.60 (3H, m), 2.14-2.31 (1H, m), 2.43-2.52 
[(S)-2H and (R)-1H, m], 2.64 - 2.76 [(S)-2H, m], 3.14 [(R)-2H, d. J = 7.81 Hz], 3.48 [(S)-1H. t. J « 8.79 Hz], 3.97 - 
45 4.15 (2H, m), 5.49 and 5.52 (1H, each q, J = 5.86 Hz and 6.84 Hz), 7.14 - 7.36 (5H, m). 

Reference Example D-6: 

(4SV4-( 1 -EthoxvcarbonvlcvcloproDvP-l -KSM -Dhenvlethvn-2-Pvrrolidinethion 

50 

A 13.04 g (43.3 mmol) portion of 4-(1 -ethoxycarbonylcyclopropy I)- 1-[(S)-1 -phenyl ethyl] -2-pyrrolidone was dis- 
solved in 500 ml of benzene, mixed with 19.26 g (47.6 mmol) of Lawesson reagent and then heated under reflux for 1 
hour. After completion of the reaction, the solvent was evaporated and the resulting residue was applied to a silica gel 
column chromatography to yield a diastereomer mixture from the eluate of n-hexane:ethyl acetate = 3:1. By carrying 
55 out fractional recrystallization with n-hexane:isopropyl ether =1:1, 6.81 g (as 62% (4S) content) of the title compound 
was obtained as needle crystals. 

1 H-NMR (400 MHz, CDCI 3 ) 5: 

0.63 (2H, d, J = 2.44 Hz), 1.11-1.23 (2H, m), 1.14 (3H, t, J = 7.32 Hz), 1.59 (3H, d, J = 6.83 Hz), 2.68 (1H, 
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dd J - 8 79 Hz J = 17.48 Hz). 2.79 (1H. dq. J = 8.30 Hz). 3.02 (1H. dd. J = 7.32 Hz. J = 11.23 Hz). 3.09 (1H dd 
J =' 8.79 Hz. J = 1 7.48 Hz). 3.76 (1 H. dd. J = 8.30 Hz. J = 1 1 .23 Hz). 4.01 (2H. q. J = 7.32 Hz). 6.39 (1 H. q. J = 6.83 
Hz). 7.30 - 7.36 (5H. m). 

Reference Example D-7: 

(3R )-1 ■Benzvt ™ yr.arhonvl-f 1 -pthnxvcarbonvlcvclopropyl)pyrrolidine 

A 6 81 g (21 mmol) portion of (4S)^-(1-ethoxyc»rbonylcyclopropyl)-1-[(S)-1-phenylethyl]-2^yrrolidinethion was 
dissolved in 40 ml of ethanol. mixed with 21 ml of Raney nickel and then heated under reflux for 6 hours. After comple- 
Sof Reaction, the reac ion solution was filtered and then ethanol was evaporated. The resulfng res,due was d,s- 
dvS n 400 ml of chloroform, washed with 10% aqueous ammonia (500 m. x 2) 0.5 N W^™^*™ ** 
and saturated brine (500 ml x 2) in that order, and then dried over anhydrous sod.um sulfate. After evaporat.on of the 
s^ventt^7esu.ting ( residue was dissolved in 200 ml of dichloromethane to which was subsequently 
4 57 m (32 mmol) ol benzyl chloroformate. After completion of the dropwise addition, the react.on solubon was heated 
under <L for 20 hours. After completion of the reaction, the solvent was evaporated and *e results res-due was 
^ppHed to a silica gel column chromatography to yield 3.62 g (54%) of the title compound as an o.ly substance from the 
eluate of n-hexane:ethyl acetate = 4:1. 

^-NMR^TO ^z.^CDC|3)^6^ ^ ^ ^ ^ ^ 1.43 . 1.59 (1H. m), 1.84 - fjj 3 "^{ffa (aH's)' 728 
(1H. dd. J = 10.25 Hz. J = 18.55 Hz). 3.28 - 3.39 (1 H. m). 3.55 - 3.75 (2H. m). 4.09 - 4.15 (2H. m). 5.13 (2H. s). 7.28 

- 7.36 (5H. m). 

Reference Example E-1 : 

nm.l-Benzvlownarhonvl-3-ri-fN-t^^ 

A 1 27 g (3 52 mmol) portion of ( 3 R)-1-benzyloxy<»rbonyl-3K1-terH>.Jtoxy^ 
was dissolved n a solvent mixture composed of 22 ml of methy. iodide and 2 ml of N.N^methyHorrnarr^e ™* w,* 
8 2 g (35.2 mmol) of silver oxide and then heated at 80-C in a sealed tube for 7 hours After completion °f the react k>£ 
fhe ?eaction solution was filtered and the resulting filtrate was concentrated. The resulting [^"V^£ a *"- 
gel column chromatography to yield 1 .22 g (93%) of the title compound as an o.ly substance from the eluate of n-hex- 
ane:ethyl acetate = 3:1. 

iH-NMR (400 MHz COO* 6: g ^ ^ ^ ^ ^ m) ^ . 

(1H. m) 2 81 aS2 84 S. each s). 2.98 - 3.12 (1H. m). 3.24 - 3.34 (1H. m). 3.51 - 3.65 (2H. m). 5.12 (2H. s). 7.30 

- 7.36 (5H. m). 

Reference Example E-2: 

f3R ).1.Bsnzvloyyr. a rh n nvl-341-( N.^^^ 

A 1.04 g (2.89 mmol) portion of (3R)-1-ber*yloxycarbonyl-3-(1-tert^^ 
was dissolved n a solvent mixture composed of 1 1 .6 ml of ethyl iodide and 1 ml of N^^^^^^ 
6 7 c (28 9 mmol) of silver oxide and then heated at 80'C in a sealed tube for 4 hours. After completion of the reacton. 
fhe ?eSion soluln was mixed with diethyl ether and filtered though celite. and the ^resulting ^<~«»""*J 
The resulting residue was applied to a silica gel column chromatography to y.eld 831 mg (74%) of the trtle compound 
as an oily substance from the eluate of n-hexane:ethyl acetate = 4:1. 



1 H-NMR(400MHz, CDCI3) 6: . ,„, 1H 

0.5 - 0.98 (4H, m). 1.05 - 1.18 (3H. br s). 1.43 and 1.46 (9H, each s). 1.47 - 1.61 (1H m). 1.78 1.93 (1H. 
m). 2.34 - 2.53 (1H. m). 2.83 - 3.43 (4H. m). 3.48 - 3.62 (2H, m). 5.12 (2H. s). 7.32 - 7.36 (5H. m). 
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Reference Example E-3: 
(3R)-3-ri-fBenzvloxvacetvnamino^ 

5 To 1 .8 g (5.0 mmol) of (3R)-1 -benzyloxycarbonyl-3-(1 -tert-butoxycarbonylaminocyclopropyl)pyrrolidine cooled in an 

Ice bath was added dropwise 10 ml of trifluoroacetic acid, subsequently stirring the mixture at room temperature for 1 
hour After evaporation of trifluoroacetic acid, the resulting residue was mixed with 80 ml of tetrahydrofuran and 3.48 ml 
(25 mmol) of triethylamine. Thereto was added dropwise 0.86 ml (5.5 mmol) of benzyloxyacetyl chloride dissolved in 20 
ml of tetrahydrofuran under ice cooling. After 1 hour of stirring at the same temperature, the reaction solution was 

10 washed with water (100 ml x 1), 10% citric acid (100 ml x 1), saturated sodium bicarbonate aqueous solution (100 ml 
x 1) and saturated brine (100 ml x 1) in that order. The organic layer was dried over magnesium sulfate and then the 
solvent was evaporated. The thus obtained crude amide product was immediately used in the next reaction. 

Reference Example E-4: 

15 

(3RH-Benzvloxvrarbony|-3-ri-(N-2-be 

A 5 mmol portion of (3R)-3-[1 -(benzyloxyacetyl)aminocyclopropyl]-1 -benzyloxycarbonylpyrrolidine was dissolved in 
10 ml of tetrahydrofuran. Thereto was added dropwise 30 ml (30 mmol) of 1 mol tetrahydrofuran solution of borane-tet- 

20 rahydrofuran complex under ice cooling. After completion of the dropwise addition, saturated sodium bicarbonate aque- 
ous solution was added dropwise to the reaction solution to hydrolyze excess borane-tetrahydrofuran complex When 
foaming was ceased. 100 ml of saturated sodium bicarbonate aqueous solution and 50 ml of water were added thereto, 
and the mixture was stirred for 4 days. The tetrahydrofuran layer of the reaction solution was separated, and the water 
layer was extracted with diethyl ether (100 ml x 3). The organic layers were combined and dried over magnesium sul- 

25 fate, and the solvent was evaporated. The resulting residue was dissolved in 50 ml of acetonitrile, mixed with 1 .6 g (7.5 
mmol) of di-tert-butyl carbonate and then stirred at room temperature for 1 8 hours. After completion of the reaction, the 
solvent was evaporated. The resulting residue was applied to a silica gel column chromatography to yield 1.31 g (53%) 
of the title compound as an oily substance from the eluate of n-hexane:ethyl acetate = 5:1 . 

30 1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.48- 1.11 (4H, m), 1 .21 - 1 .35 (1 H, m), 1 .39 and 1 .47 (9H, each s), 1.79 - 1 .89 (1 H, m), 2.24 - 2.69 (1 H, m), 
2.83 - 3.69 (8H, m), 4.47 (2H, s), 5.12 (2H, s), 7.29 - 7.36 (5H, m). 

Reference Example E-5: 

35 

(3RV1-ri-(N-tert-Butoxvcarbonvl-N-(2-hvdroxvethvl)amino)cycloDropynPVTrolidine 

A 772 mg (1 .56 mmol) portion of (3R)-1 -benzyloxycarbonyl-3-[1 -(N-2-benzyloxyethyl-N-tert-butoxycarbonyl)amino- 
cyclopropyl]pyrrolidine was dissolved in 20 ml of methanol, mixed with 200 mg of 5% palladium-carbon and then sub- 
40 jected to 36 hours of hydrogenation at 10 kg/cm 2 under warming by an infrared lamp. After completion of the reaction, 
5% palladium-carbon was removed by filtration and then methanol was evaporated to yield 413 mg (98%) of the title 
compound. This product was immediately used in the substitution reaction. 

Reference Example F-1: 

45 

Ethyl 1 -tert-butoxvcarbonvlaminocvclobutanecarboxylate 

A 1.72 g (10.0 mmol) portion of ethyl hydrogen 1 ,1 -cyclobutanedicarboxylate was dissolved in 20 ml of tert-butanol, 
mixed with 3.30 g (1 .2 mmol) of diphenylphosphoric acid azide and 1 .67 ml (1 .2 mmol) of triethylamine, and then heated 
so overnight under reflux. After evaporation of the solvent, the resulting residue was purified by a silica gel column chro- 
matography (Si0 2 120 ml, hexane:ethyl acetate = 20:1 -> 4:1) to yield 2.1 1 g (87%) of the title compound. 

1 H-NMR(CDCI 3 ) 6: 

1.28 (3H, t), 1.43 (9H, s) t 2.00 - 2.04 (2H, m), 2.31 (2H, brs), 4.22 (2H, dd). 

55 
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Reference Example F-2: 

1 -tert-Butoxvcafbonviaminocvclobutanecarboxvlic acid 

5 A 64.28 g (264 mmol) portion of ethyl 1 -tert-butoxycarbonylaminocyclobutanecarboxylate was dissolved in 400 ml 

of methanol, mixed with 400 ml of 1 N sodium hydroxide aqueous solution and then stirred overnight at room tempera- 
ture. After evaporation of the solvent, the resulting residue was mixed with 20% citric acid aqueous solution-chloroform. 
The resulting organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated to yield 55.29 g 
(97%) of the title compound. 

10 

1 H-NMR(CDCI 3 )6: 

1 .45 (9H, s), 2.02 - 2.08 (2H, m) f 2.26 (2H, brs), 2.67 (2H, brs), 5.20 (1 H, brs). 
Reference Example F-3: 

15 

Ethvl 1 4ert>butoxvcarbonvlamino-6-oxocvclobMtaneprQpqn QqtQ 

To a 100.0 ml portion of ethanol were added 5.0 g (0.21 mmol) of magnesium and 15.0 ml of carbon tetrachloride 
in that order, followed by 1 hour of stirring at room temperature. Thereto was added dropwise ethyl hydrogen malonate. 

20 After 1 hour of stirring at room temperature, the solvent was evaporated to yield magnesium malonate as a colorless 
foamy substance. Separately. 55.29 g (0.26 mmol) of 1-tert-butoxycarbonylaminocyclobutanecarboxylic acid was dis- 
solved in 450.0 ml of THF, mixed with 45.81 g (0.28 mmol) of 1,V-carbonyldiimidazole and then stirred at room temper- 
ature for 1.5 hours. To this was added dropwise 450.0 ml of THF solution of the above magnesium salt in 30 minutes, 
followed by 2 days of stirring at room temperature. After evaporation of the solvent, the resulting residue was distributed 

25 between 10% citric acid aqueous solution and ethyl acetate. The resulting organic layer was washed with saturated 
sodium bicarbonate aqueous solution and saturated brine and then dried over anhydrous sodium sulfate. By evaporat- 
ing the solvent, the title compound was obtained quantitatively. 

1 H-NMR(CDCI 3 )6: 

30 1.26 - 1.30 (2H t m), 1.43 (9H, s), 1.87 - 2.08 (4H, m), 2.66 - 2.70 (2H, m), 3.54 (2H, s), 4.20 (2H, q), 5.22 

(1H,brs). 

Reference Example F-4: 

35 Ethyl 1 -tert-butoxvcarbonylamino-p-h ydroxvcvclobutanepropanoate 

A 70.21 g (257 mmol) portion of ethyl 1-tert-butoxycarbonylamino-p-oxocyciobutanepropanoate was dissolved in 
500.0 ml of ethanol. Thereto was added 4.86 g (514 mmol) of sodium borohydride in small portions under ice cooling. 
After 2 hours of stirring at the same temperature, water was added and the solvent was evaporated. The resulting res- 
40 idue was extracted with chloroform, washed with saturated brine and then dried over anhydrous sodium sulfate. By 
evaporating the solvent, 65.25 g (93%) of the title compound was obtained. 

'H-NMRfCDCy 6: 

1.28 (3H. t), 1.44 (9H. s), 1.84 - 2.57 (8H, m), 4.17 (2H f q). 

45 

Reference Example F-5: 

Ethvl 1 -tert-butoxvcarbonvlaminocvclobutaneDr openoate 

so A 65.25 g (238 mmol) portion of ethyl 1 -tert-butoxycarbonylamino-p-hydroxycyclobutanepropanoate was dissolved 
in 1,000 ml of methylene chloride and mixed with 66.30 g (476 mmol) of triethylamine. Thereto was added dropwise 
23.93 ml (7.04 mmol) of methanesulfonyl chloride with cooling in ice water-brine, followed by 1 hour of stirring at the 
same temperature. To this solution was added dropwise 78.25 ml (523.6 mmol) of 1 t 8-diazabicyclo[5 t 4,0]undec-7-ene, 
then, raising the temperature gradually, and followed by subsequent 5 hours of stirring at room temperature. This was 

55 washed with 10% citric acid aqueous solution and saturated brine, and dried over anhydrous sodium sulfate. By evap- 
orating the solvent, 40.95 g (64%) of the title compound was obtained as a pale yellow oily substance. 

1 H-NMR(CDCI 3 ) 6: 

1.28 (3H, t), 1.43 (9H, s), 1.91 - 2.05 (2H, m), 2.27 (4H, brs), 4.20 (2H, q), 5.88 (1H, d, J = 15.6 Hz), 7.16 
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(1H, d. J= 15.6 Hz). 

Reference Example F-6: 

5 Ethyl 3-(1 ■tert"butoxycarbonvlaminocvclobutvl)-4-nitrobutanoate 

A 40.95 g (152 mmol) portion of ethyl 1-tert-butoxycaroonylaminocyclobutanepropenoate was dissolved in 210.0 
ml of nitromethane. mixed with 57.2 ml (456 mol) of diphenylphosphoric acid azide and 1 .67 ml (1 .2 mmol) of tetrame- 
thylguanidine, and then stirred at room temperature for 2 days. After evaporation of the solvent, the resulting residue 
10 was purified by a silica gel column chromatography (silica gel 1.500 ml, hexane:ethyl acetate = 20:1 -* 3:1) to yield 
26.60 g (41%) of the title compound. 

1 H-NMR(CDCI 3 ) 5: 

1.26 (3H, t). 1.43 (9H. s). 1.75 - 2.22 (6H, m), 2.42 (1H, dd, J = 15.6. 7.8 Hz), 2.56 (1H, dd, J = 15.6, 4.8 Hz). 
is 4.12 (2H. q), 4.21 (1H, dd, J = 14.1, 7.3 Hz), 4.45 (1H, dd. J ~ 13.1. 8.3 Hz), 4.70 (1H, brs). 

Reference Example F-7: 

4-(1-tert-Butoxycarbonylaminocyclobutyl)-2-pyrrolidone 

20 

A 20.6 g (62.5 mmol) portion of ethyl 3-(1-tert-butoxycarbonylaminocyclobutyl)-4-nitrobutanoate was dissolved in 
500.0 ml of ethanol, mixed with 40.0 ml of Raney nickel (R-100, after washing with water and ethanol) and then stirred 
overnight at room temperature with bubbling of hydrogen gas. After removal of the catalyst by filtration, the solvent was 
evaporated. The resulting residue was dissolved in 200.0 ml of toluene and heated overnight under reflux. After spon- 
25 taneous cooling, the solvent was evaporated to yield 15.13 g (95%) of the title compound. 

1 H-NMR(CDCI 3 ) 6: 

1.43 (9H. s), 1.7 - 2.6 (8H, m), 3.1 - 3.5 (3H. m). 4.84 (1 H. brs), 6.20 (1H. brs). 

30 Reference Example F-8: 

1 -Benzyl-4-( 1 -tert-butoxvcarbonvlaminocvclobutvlV2-Dvrrolidone 

A 15.13 g (59.5 mmol) portion of 4-(1-tert-butoxycarbonylaminocyclobutyl)-2-pyrrolidone was dissolved in 30.0 ml 
35 of N.N-dimethylformamide, cooled in an ice bath, mixed with 2.62 g (65.44 mmol) of sodium hydride (60% oil suspen- 
sion) and then stirred at room temperature for 30 minutes. This was mixed with 7.78 ml (65.44 mmol) of benzyl bromide 
and stirred overnight at room temperature. Since the starting material partially remained. 1 . 1 9 g (29.74 mmol) of sodium 
hydride and 3.54 ml (29.74 mmol) of benzyl bromide were further added and stirred for additional 5 hours at room tem- 
perature. After evaporation of the solvent, the resulting residue was mixed with water, extracted with ethyl acetate and 
40 washed with saturated brine. After drying over anhydrous sodium sulfate, the solvent was evaporated. Thereafter, the 
resulting residue was purified by a silica gel column chromatography (silica gel 800 ml, ethyl acetate:hexane = 10:1 -> 
1 :1 2:1) to yield 5.65 g (28%) of the title compound. 

1 H-NMR(CDCI 3 ) 6: 

45 1.41 (9H.S), 1.69-1.71 (1H.m). 1.95 - 2.19 (5H, m), 2.36 (1H, dd, J = 17.0, 7.8 Hz), 2.52 (1H, dd, J = 17.0, 

9.2 Hz), 2.95 - 3.29 (3H, m), 4.43 (2H, AB-q, J = 14.6 Hz), 4.77 (1H, brs), 7.22 - 7.34 (5H, m). 

Reference Example F-9: 

so 4-(1 -Aminocvclobutvl)-1 -benzvl-2-pyrrolidone trif luoroacetate 

To 5.65 g (16.40 mmol) of 1-benzyl-4-(1-tert-butoxycarbonylaminocyciobutyl)-2-pyrrolidone cooled in an ice bath 
was added dropwise 50.0 ml of trifluoroacetic acid, followed by 1 hour of stirring at room temperature. Excess reagent 
was evaporated, and the resulting residue was mixed with toluene and subjected to azeotropic heating to yield the title 
55 compound quantitatively as a pale yellow oily substance. 

1 H-NMR (CDCl 3 ) 6: 

1.73 - 2.35 (6H, m). 2.55 (1 H. dd, J = 17.5. 7.3 Hz), 2.72 (1 H. dd, J = 1 7.5, 9.7 Hz), 2.83 - 2.92 (1 H, m), 3.33 
(1H, dd, J = 10.7, 6.3 Hz), 3.44 - 3.49 (1H, m), 4.43 (2H, AB-q, J = 14.6 Hz). 7.14 - 7.35 (5H. m). 
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Reference Example F-10: 

1-Benzvl-4-H-rNM3-toluenesulfo^ tfc 1 ) f fr - 2 ) 

A 5 87 g (16.40 mmol) portion of 4-(1-aminocyclobutyl)-1-benzyl-2-pyrrolidone trffluoroacetate was dissolved in 
30 0 ml of methylene chloride (stabilizing agent free) and mixed with 13.26 ml of pyridine. Thereto was added dropwise 
a solution of 7.07 g (24.6 mol) of D-(R)-N-p-toluenesulfonylpyrophosphoric acid chloride in 30.0 ml of methylene chlo- 
ride under ice cooling. After overnight stirring at room temperature, the solvent and excess pyridine were evaporated, 
and the resulting residue was mixed with 1 N hydrochloric acid and extracted with chloroform. The extract was washed 
with saturated sodium bicarbonate aqueous solution and saturated brine, and then dried over anhydrous sodium sul- 
fate After evaporation of the solvent, the resulting residue was purified by a silica gel column chromatography (silica gel 
1 kg, ethyl acetate ethyl acetate:isopropyl ether = 50:1) to yield 3.16 g (39%) of (fr.1) and 3.33 g (41%) of (fr.2). 

Low porality substance (fr.1) 

1 H-NMR(CDCI 3 )6: x 
1 55 - 2 37 (12H m), 2.45 (3H, s), 2.57 (1H, dd. J = 17.0, 9.2 Hz), 2.90 - 2.98 (1H, m), 3.10 - 3.17 (1H, m), 
3.25 (1H, t, J = 9.7 Hz), 3.36 (1 H, dd, J = 9.7, 5.8 Hz), 3.51 - 3.56 (1H, m), 3.85 (1H, dd. J = 8.3. 2.9 Hz), 4.41 (2H, 
AB-q, J = 14.6 Hz), 7.22 - 7.36 (7H, m), 7.72 (2H, d, J = 8.3 Hz). 

High porality substance (fr.2) 



1 H-NMR(CDCI 3 )6: 

1 50 - 2 44 (12H, m), 2.45 (3H, s). 2.52 (1H, dd, J = 17.0, 9.2 Hz), 3.03 - 3.18 (3H, m), 3.36 (1H, dd, J = 9.7, 
25 8.3 Hz), 3.51 - 3.56 (1H, m). 3.88 (1 H, dd, J = 8.7, 2.9 Hz), 4.48 (2H. AB<j, J = 14.6 Hz). 7.22 - 7.36 (7H, m). 7.71 

(2H, d, J = 8.3 Hz). 

Reference Example F-1 1 : 
30 1-Benzvl-4-f1-aminocvclobLrtvlV2-ov rrolidone (fr. 1) 

A 2.40 g (4.84 mmol) portion of i.benzyl-4-[1-[N , iD-toluenesulfonyl-2-(R)-pyrrondinecarbonyl]aminocyclobutyl]-2- 
pyrrolidone (fr. 1) was mixed with 15 ml of water and 15 ml of concentrated hydrochloric acid, and then heated under 
reflux for 2 days. After cooling, the reaction solution was mixed with 100 ml of water, washed with chloroform and then 
35 made alkaline with sodium hydroxide aqueous solution. This was extracted with chloroform (150 ml x 4). washed with 
saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent. 1.01 g (85%) of the title com- 
pound was obtained. 

1 H-NMR(CDCI 3 )5: . v 

40 1 .44 (2H, brs). 1 .58 - 1 .99 (6H. m), 2.30 - 2.38 (1 H. m). 2.49 - 2.56 (2H, m), 3.03 - 3.07 (1 H, m), 3.28 - 3.32 

(1H, m), 4.45 (2H, AB-q, J = 14.6 Hz). 7.22 - 7.35 (5H. m). 

Reference Example F-1 2: 
45 1 -Benzvl-4-(1 -aminocvclobutvlV2-Dv rrolidone (fr. 2) 

A 2.84 g (5.73 mmol) portion of i-benzyl-4-[1-[N , -p-toluenesulfonyl-2-(R)-pyrrolidinecarbonyl]aminocyclobutyl]-2- 
pyrrolidone (fr. 2) was mixed with 20 ml of water and 20 ml of concentrated hydrochloric acid, and then heated under 
reflux for 2 days. After cooling, the reaction solution was mixed with 100 ml of water, washed with chloroform and then 
so made alkaline with sodium hydroxide aqueous solution. This was extracted with chloroform (1 50 ml x 4). washed with 
saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, the title compound was obtained 
quantitatively. 



55 



1 H-NMR(CDCI 3 )6: # ib x _ o oo 

1.25 (2H, brs), 1.59 - 1.99 (6H. m), 2.30 - 2.37 (1H, m), 2.48-2.58 (2H, m), 3.03 - 3.07 (1H, m), 3.26 - 3.32 
(1H. m), 4.45 (2H. AB-q, J = 14.6 Hz), 7.22 - 7.35 (5H, m, Ar-H). 
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Reference Example F-13: 

1 -Benzyl-3-(1 -tert-butoxyc arbonylaminoc yclobutyl)pyrrolidine ffr. 1 ) 

s A 1.01 g (4.13 mmol) portion of 1-benzyl-4-(1-aminocyclobutyl)-2-pyrrolidone (fr. 1) was dissolved in 150.0 ml of 

tetrahydrofuran. Thereto was subsequently added 627 mg (16.52 mmol) of lithium aluminum hydride in small portions 
under ice cooling. After 12 hours of stirring with heating under reflux, the reaction solution was cooled in an ice bath and 
mixed with 627 fxl of water in small portions, 627 jil of 15% sodium hydroxide aqueous solution and 627 \i\ of water in 
that order. After 30 minutes of stirring at room temperature, insoluble material was removed by filtration and the solvent 

10 was evaporated. To the thus obtained syrup were added 50.0 ml of acetonitrile and then 1.14 ml (4.96 mmol) of di-tert- 
butylcarbonate at room temperature, followed by overnight stirring. After evaporation of the solvent, the resulting resi- 
due was purified by a silica gel column chromatography (230 - 400 mesh silica gel 100 ml, 5% methanol-chloroform) to 
yield 212 mg (16%) of the title compound. 

15 1 H-NMR(CDCI 3 ) 5: 

1.45 - 1.98 (15H, m), 2.06 - 2.20 (2H, m), 2.47 - 2.52 (1H, m) t 2.75 - 3.01 (4H, m) f 3.57 (2H. s), 5.15 (1H, 
brs), 7.22 - 7.37 (5H, m). 

Reference Example F-14: 

20 

1-Benzvl-3-(1-tert-butoxvcarbonvlaminocvciobutvl)Dvrrolidine (fr. 2) 

A 1.50 g (6.14 mmol) portion of 1-benzyl-4-(1-aminocyclobutyl)-2-pyrrolidone (fr. 2) was dissolved in 200.0 ml of 
tetrahydrofuran to which, with cooling in an ice bath, was subsequently added 932 mg (24.56 mmol) of lithium aluminum 

25 hydride in small portions. After 12 hours of stirring with heating under reflux, the reaction solution was cooled in an ice 
bath and mixed with 932 \i\ of water in small portions, 932 fxl of 15% sodium hydroxide aqueous solution and 932 \x\ of 
water in that order. After 30 minutes of stirring at room temperature, insoluble material was removed by filtration and the 
solvent was evaporated. To the thus obtained syrup were added 70.0 ml of acetonitrile and then 1 .69 ml (7.37 mmol) of 
di-tert-butylcarbonate at room temperature, followed by overnight stirring. After evaporation of the solvent, the resulting 

30 residue was purified by a silica gel column chromatography (230 - 400 mesh silica gel 1 50 ml, 5% methanol-chloroform) 
to yield 525 mg (26%) of the title compound. 

1 H-NMR(CDCI 3 )6: 

1.45 - 1.96 (15H, m), 2.06 - 2.20 (2H, m), 2.47 - 2.52 (1H, m), 2.75 - 3.01 (4H, m), 3.57 (2H. s). 4.21 (1H, 
35 brs). 7.25 - 7.37 (5H, m). 

Reference Example F-1 5: 

3-(1-tert-ButoxvcarbonvlaminocvclobutvnDvrrolidine (fr. 1) 

40 

A 212 mg (0.65 mmol) portion of 1 -benzyl -3-(1-tert-butoxycarbonylaminocyclobutyl)pyrrolidine (fr. 1) was dissolved 
in 20.0 ml of ethanol, mixed with 200 mg of 10% palladium-carbon and stirred for 3 hours under a hydrogen pressure 
of 4 atm with warming by an infrared lamp. After removing the catalyst by filtration, the solvent was evaporated to yield 
136 mg (88%) of the title compound. 

45 

Reference Example F-1 6: 

3-n»tert-Butoxycarbonvlaminocvclobutvnpvrrolidine (fr. 2) 

so A 525 mg (1 .59 mmol) portion of 1 -benzyl-3-(1 -tert-butoxycarbonylaminocyclobutyl)pyrrolidine (fr. 2) was dissolved 
in 50.0 ml of ethanol, mixed with 500 mg of 10% palladium-carbon and stirred for 3 hours under a hydrogen pressure 
of 4 atm with warming by an infrared lamp. After removing the catalyst by filtration, the solvent was evaporated to yield 
quantitative amount of the title compound. 

55 Reference Example G-1 : 

1-Benzhydryl-3-(p-toluenesulfonyloxy)azetidine 

To 2.39 g (1 0 mmol) of 1 -benzhydryl-3-hydroxyazetidine dissolved in 20 ml of pyridine were added 1 .46 g (1 2 mmol) 



42 



BNSDOCID: <EP 0807630A1J_> 



EP 0 807 630 A1 



of dimethylaminopyridine. Thereto was added 12.10 g (11 mmol) of p-toluenesulfonyl chloride at -40"C. followed by 
gradual increase in the temperature and subsequent 1 day of stirring at room temperature. This was mixed with 150 ml 
of water extracted with chloroform (100 ml x 3) and then dried over anhydrous sodium sulfate. After evaporation of the 
solvent, the resulting residue was purified by a silica gel column chromatography (250 ml. ethyl acetate:hexane = 1:2) 
5 to yield 2.88 g (73%) of the title compound. 

^KsO. 3.02 - 3.06 (2H. m). 3.43 - 3.47 (2H. m). 4.32 (1 H. s). 4.86 - 4.89 (1H, m), 7.15 - 7.76 (14H, m). 

10 Reference Example G-2: 

niRthvl M-benzhvdrv l-3-azetidinvnmalonate 

To 17 90 g (1 1 1 .80 mmol) of diethyl malonate dissolved in 250 ml of tetrahydrofuran was added 4.07 g (101 .75 
is mmol) of 60% sodium hydride at room temperature, followed by 2 hours of stirring. Thereafter, thereto was added 20 g 
(50 82 mmol) of l-benzhydryl-3-(p-toluenesulfonyloxy)azetidine which has been dissolved in 90 ml of tetrahydrofuran. 
followed by 1 week of heating under reflux. The reaction solution was mixed with 10% citric acid aqueous solution and 
then tetrahydrofuran was evaporated. The resulting residue was mixed with saturated sodium bicarbonate aqueous 
solution extracted with chloroform (200 ml x 3) and dried over anhydrous sodium sulfate. After evaporation of the sol- 
20 vent, the resulting residue was purified by a silica gel column chromatography (230 - 400 mesh silica gel 450 ml. ethyl 
acetate:hexane = 1 :3) to yield quantitative amount of the title compound. 

1 H-NMR (CDCk) 6: 

1.21 (6H, t. J = 7.3 Hz). 2.89 - 2.92 (2H. m). 2.97 - 3.05 (1H. m), 3.35 - 3.39 (2H, m). 3.64 (1H. d. J = 10.2 
25 Hz). 4.14 (4H. ddj, 4.32 (1H. s). 7.14 - 7.38 (10H. m). 

Reference Example G-3: 

Diethyl ( 1 -benzvloxvcaroonvl-3-azeti dinvnmalonate r * 

30 

To 3 40 g (8.91 mmol) of diethyl (1-benzhydryl-3-azetidiny I) malonate dissolved in 30 ml of dichloromethane was 
added 1 91 ml (13.36 mmol) of benzyl chloroformate, followed by overnight stirring at room temperature. After evapo- 
ration of the solvent, the resulting residue was purified by a silica gel column chromatography (250 ml, 3 - 5% methanol- 
dichloromethane) to yield 2.64 g (84%) of the title compound. 

35 

1 H-NMR(CDCI 3 )6: 

1.25 (6H. t), 3.16 - 3.19 (1 H, m), 3.62 (1 H. d, J = 1 1 .7 Hz), 3.79 - 3.83 (2H, m), 4.16 - 4.22 (4H, m), 5.08 (2H, 
s), 7.31 - 7.35 (5H, m). 

40 Reference Example G-4: 

Ethvl hvdrooen M-benzvtoxvcarbonv l-3-azetidinvn malonate 

To 13 43 g (38.33 mmol) of diethyl (1-benzyloxycarbonyl-3-azetidinyl)mal'onate dissolved in 130 ml of ethanol was 
45 added 38 44 ml of 1 N potassium hydroxide ethanol solution, followed by overnight stirring at room temperature. After 
evaporation of the solvent, the resulting residue was mixed with 10% citric acid aqueous solution, extracted with chlo- 
roform (200 ml x 3) and then dried over anhydrous sodium sulfate. By evaporating the solvent, quantitative amount of 
the title compound was obtained. 

so 1 H-NMR(CDCI 3 )5: „ #*u 

1.27 (3H, t), 3.17 - 3.22 (1H, m), 3.66 (1H, d. J = 10.7 Hz), 3.83 (2H, dd. J = 5.8, 8.7 Hz), 4.17 - 4.24 (4H, 

m), 5.09 (2H, s) t 7.33 - 7.34 (5H, m). 



55 



Reference Example G-5: 

Ethvl 2-f 1 -benzvloxvcarbonvl-3-aze tidinvnacrvlate 

To 732 mg (2.28 mmol) of ethyl hydrogen (1-benzyloxycarbonyl-3-azetidinyl) malonate dissolved in 70 ml of ace- 
tonitrile were added 1 .05 g (5.67 mmol) of Eshenmoser's salt and a catalytically effective amount of potassium acetate. 
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followed by 4.5 hours of heating under reflux. After evaporation of the solvent, the resulting residue was mixed with 100 
ml of ethyl acetate, washed with 10% citric acid aqueous solution, 10% sodium sulfite aqueous solution and saturated 
brine in that order, and then dried over anhydrous sodium sulfate. By evaporating the solvent, 569 mg (86%) of the title 
compound was obtained. 

5 

1 H-NMR(CDCI 3 )6: 

1.29 (3H, t), 3.60 - 3.64 (1H, m), 3.91 - 3.95 (2H, m), 4.18 - 4.25 (4H, m), 5.09 (2H, s). 5.66 (1H. d, J = 1.9 
Hz), 6.36 (1 H, d. J = 1 .4 Hz), 7.29 - 7.36 (5H. m). 

10 Reference Example G-6: 

Ethyl 1 A 1 -benzvloxvcarbonvl-3-azetidinvncvclopropanecarboxvlate 

To 1.27 g (5.76 mmol) of trimethylsulfoxonium iodide dissolved in 10 ml of dimethyl sulfoxide was added 192 mg 
is (4.80 mmol) of 60% sodium hydride, followed by 15 minutes of stirring at room temperature. Thereto was then added 
1.39 g (4.80 mmol) of ethyl 2-(1-benzyloxycarbonyl-3-azetidinyl)acrylate which has been dissolved in 10 ml of dimethyl 
sulfoxide. The resulting mixture was stirred at room temperature for 4 hours and then at 100°C for 1 hour. The reaction 
solution was mixed with 200 ml of saturated brine and extracted with ethyl acetate (100 ml x 3), and the organic layer 
was washed with saturated brine (1 00 ml x 2) and dried over anhydrous sodium sulfate. After evaporation of the solvent, 
20 the resulting residue was purified by a silica gel column chromatography (100 ml, ethyl acetate:hexane = 1 :2) to yield 
536 mg (37%) of the title compound. 

1 H-NMR(CDCI 3 ) 6: 

0.84 (2H, s). 1.20 - 1.25 (5H. m), 3.26 - 3.28 (1H, m), 3.54 (2H, brs), 4.05 - 4.13 (4H, m), 5.08 (2H, s), 7.32 
25 - 7.35 (5H, m). 

Reference Example G-7: 

1 -(1 -Benzvloxvcarbonvl-3-azetidinvncvcloproDanecarboxvlic acid 

30 

To 2.68 g (8.83 mmol) of ethyl 1-(1-benzyloxycarbonyl-3-azetidinyl)cyclopropanecarboxylate dissolved in 27 ml of 
ethanol was added 27 ml of 1 N sodium hydroxide aqueous solution, followed by overnight stirring at room temperature. 
After evaporation of the solvent, the resulting residue was mixed with 10% citric acid aqueous solution, extracted with 
chloroform (50 ml x 3) and then dried over anhydrous sodium sulfate. By evaporating the solvent, 2.35 g (97%) of the 
35 title compound was obtained. 

1 H-NMR(CDCI 3 )6: 

0.93 (2H t s), 1 .31 (2H f d. J = 2.4 Hz), 3.24 - 3.28 (1 H, m), 3.54 (2H. brs), 4.06 (2H, brs), 5.08 (2H, s), 7.30 - 
7.37 (5H, m). 

40 

Reference Example G-8: 

1 -Benzyloxycarbonyl-3-f 1 -tert-butoxvcarbonvlaminocvclopropyl)azetidine 

45 A 2.35 g (8.54 mmol) portion of 1 -(1 -benzyloxycarbonyl-3-azetidinyl)cyclopropanecarboxylic acid was dissolved in 
40 ml of tert-butanol and mixed with 3.52 g (12.7 mmol) of diphenylphosphoric acid azide and 2.38 ml (17.07 mmol) of 
triethylamine, and the mixture was then heated overnight under reflux. After evaporation of the solvent, the resulting 
residue was purified by a silica gel column chromatography (silica gel 600 ml, hexane:ethyl acetate = 2:3) to yield 1.84 
g (62%) of the title compound. 

50 

1 H-NMR(CDCI 3 )6: 

0.75 (2H, s). 0.83 (2H, s), 1.41 (9H, s), 2.82 - 2.89 (1H, m), 3.71 (2H, brs), 4.22 (2H, t, J = 8.7 Hz), 5.06 (1H, 
brs), 5.08 (2H, s), 7.28 - 7.34 (5H, m). 

55 Reference Example G-9: 

3-(1-tert-Butoxvcarbonvlaminocvclopropvl)azetidine 

To 1.84 g (5.31 mmol) of 1 -benzyl oxycarbonyN3-(1-tert-butoxycarbonylaminocyclopropyl)azetidine dissolved in 100 



44 



BNSDOCID: <EP 0807630A1_I_> 



EP 0 807 630 A1 



ml of ethanol was added 1 .5 g of 1 0% palladium-carbon, followed by overnight catalytic hydrogenation at room temper- 
ature under normal pressure. After removal of the catalyst by filtration, the solvent was evaporated to yield quantitative 
amount of the title compound. 

1 H-NMR (CDCI 3 ) 6: MVtnft/HU 
0.79 (2H, brs), 0.87 (2H, s), 1.44 (9H, s), 1.78 (1H, brs), 3.00 (1H, brs), 4.01 (4H, d, J = 7.8 Hz), 5.29 (1H, 

brs). 

Reference Example H-1: 

Dimethyl 3.4.5.6-tetr afluorophthalate 

To 300 g (1 .26 mol) of 3,4,5,6-tetraf luorophthalic acid dissolved in methanol and cooled in an ice bath was added 
300 ml of sulfuric acid, followed by 3 days of reflux. After cooling to room temperature, the precipitated crystals were 
collected by filtration. After evaporating methanol from the filtrate, the resulting residue was mixed with 2 liters of ice 
water to collect precipitated crystals. The combined crystals were washed with water and then dried to yield 294.86 g 
of the title compound as a partially purified product. 

1 H-NMR (400 MHz, CDCI 3 ) 5: 
20 0.95 (6H, s). 

Reference Example H-2: 

Dimethyl 4-diethoxvcarbonvlmethvl-3.5.6-tr rfluorophthalate 



10 



15 



25 



To 286 4 g (1.077 mol) of dimethyl 3,4,5,6-tetrafluorophthalate dissolved in 750 ml of dimethylformamide were 
added 1 64 ml (1 .08 mol) of diethyl malonate and 41 4.63 g (3 mol) of potassium carbonate, followed by 26 hours of stir- 
ring at room temperature. The reaction mixture was filtered, and the filtrate was poured into 1 ,200 ml of 4 N hydrochloric 
acid and extracted with ether (1 liter x 2). The resulting organic layer was washed with water (1 liter x 2) and saturated 
brine (1 liter) and then dried over anhydrous sodium sulfate. By evaporating the solvent, 433.61 g (1 .068 mol. 99.2%) 
of the title compound was obtained as a partially purified product. 

1 H-NMR (400 MHz. CDCI 3 ) 6: 

1.29 (6H, t, J = 7.5 Hz). 3.92 (3H, s), 3.96 (3H. s). 4.28 (4H, q. J = 7.5 Hz), 4.98 (1H. s). 

Reference Example H-3: 

4-Carboxvmethvl-3. 5.6-trifluorophthalicacid 

40 Two liters of 60% sulfuric acid was added to 433.6 g (1 .068 mol) of dimethyl 4-diethoxycarbonylmethyl-3.5.6-trif luor- 
ophthalate followed by stirring for 40 hours at 1 10°C. After cooling to room temperature, this was poured into 1 liter of 
water and extracted with ethyl acetate (1 liter x 3). The organic layer was washed with 1 liter of water and 1 liter of sat- 
urated brine, and then dried over sodium sulfate. By evaporating the solvent, 304.35 g of the title compound was 
obtained as a partially purified product. 



30 



35 



45 



50 
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1 H-NMR (400 MHz, D 2 0) 6: 
3.77 (2H. s). 

Reference Example H-4: 

2.4.5-Trifluoro-3-methvlbenzoic acid 



To 304 35 g of 4-carboxy methyl -3. 5,6-trif luorophthalic acid dissolved in 1.5 liters of dimethyl sulfoxide was added 
0 5 liter of triethylamine, followed by 64 hours of stirring at 1 40°C. After cooling to room temperature, dimethyl sulfoxide 
was evaporated. The resulting residue was mixed with 1 liter of 1 N hydrochloric acid and extracted with ether (1 liter x 
3) The organic layer was washed with 1 liter of water and 1 liter of saturated brine, and then dried over sodium sulfate. 
By evaporating the solvent, 1 77.94 g (0.64 mol. 60%) of the title compound was obtained as a partially purified product. 

1 H-NMR (400 MHz, CDCI3) 6: 
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2.29 (3H, t. J = 1.5 Hz), 7.70 (1H, dt, J = 6.5, 9.5 Hz). 

Reference Example H-5: 

5 2.4.5-Trifluoro-3-methvl-6-nitrobenzoic acid 

A 43.4 g (0.21 mol) portion of 2,4,5-trifluoro-3-methylbenzoic acid was added to 120 ml of concentrated sulfuric 
acid under ice cooling. Thereto was added dropwise fuming nitric acid (d 1 .52) in such a manner that the reaction tem- 
perature did not exceed 30°C. After completion of the dropwise addition, this was stirred for 1 hour at room temperature. 
io After completion of the reaction, the reaction solution was poured into 1 .5 liters of ice water to collect the formed crystals 
by filtration. The thus obtained crystals were washed with water (100 ml x 3) and dissolved in 500 ml of ethyl acetate, 
and the solution was dried over anhydrous sodium sulfate. The filtrate obtained above was extracted with chloroform 
(300 ml x 4) and dried over anhydrous sodium sulfate. Thereafter, the organic layers were combined and concentrated 
to yield 50.3 g (quantitative) of the title compound. 

15 

1 H-NMR (400 MHz, CDCI 3 ) 6: 
2.36 (3H. t, J = 2.44 Hz). 

Reference Example H-6: 

20 

Ethyl 2.4,5-trifluoro-3-methvl-6-nitrobenzovlacetate 

2,4,5-Trifluoro-3-methyl-6-nitrobenzoic acid was suspended in 490 ml of benzene to which was subsequently 
added dropwise 30.4 ml (0.42 mol) of thionyl chloride at room temperature. After completion of the dropwise addition. 

25 the reaction solution was heated under reflux for 22 hours. After evaporation of benzene, the resulting residue was sub- 
jected twice to azeotropic treatment with 200 ml of benzene to yield crude 2,4,5-trif luoro-3-methyl-6-nitrobenzoyl chlo- 
ride. A 6.13 g (0.25 mol) portion of magnesium was mixed with 200 ml of ethanol. Thereto was added dropwise 10 ml 
of carbon tetrachloride at room temperature, followed by 6 hours of stirring at the same temperature. When magnesium 
was dissolved, 44 ml (0.29 mol) of diethyl malonate dissolved in 150 ml of tetrahydrofuran was added dropwise thereto, 

30 spending 1 hour. After completion of the dropwise addition, the mixture was stirred for 2 hours at room temperature. 
After completion of the reaction, the solvent was evaporated and the resulting residue was dried under a reduced pres- 
sure. The thus obtained solid matter was mixed with 300 ml of tetrahydrofuran to which was subsequently added drop- 
wise 150 ml of tetrahydrofuran solution of the acid chloride obtained above in 1.5 hours. After completion of the 
dropwise addition, the reaction solution was stirred for 2 hours at room temperature. After completion of the reaction, 

35 the reaction solution was mixed with 400 ml of ethyl acetate and washed with 10% citric acid (500 ml x 1), water (500 
ml x 1) and saturated brine (500 ml x 1) in that order. The organic layer was dried over anhydrous sodium sulfate and 
the solvent was evaporated. The resulting residue was mixed with 1 .5 liters of water and 1 .5 g of p-toluenesulfonic acid, 
and heated under reflux for 1 .5 hours. After completion of the reaction, the reaction solution was spontaneously cooled 
and extracted with benzene (500 ml x 5). The organic layers were combined, washed with 500 ml of saturated brine and 

40 dried over anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was subjected to a silica gel 
column chromatography to yield 37.65 g (44%) of the title compound from the eluate of hexane:ethyl acetate = 95:5. 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.26 and 1.34 (3H, each t, J = 7.33 Hz), 2.33 and 2.35 (3H, each t. J = 2.44 Hz), 3.90 (1.35H, s), 4.20 and 
45 4.28 (2H. each q, J = 7.33 Hz), 5.48 (0.325H, s), 12.34 (0.325H, s). 

Reference Example H-7: 

Ethyl 6.7-difluoro-1 -\( 1 R,2S)-2-f luorocvclopropvll-1 .4-dihvdro-8-methvl-5-nitro-4-oxoquinoline-3-carboxylate 

50 

To 16.4 g (53.8 mmol) of ethyl 2,4,5-trifluoro-3-methyl-6-nitrobenzoylacetate were added 17.9 ml (107.6 mmol) of 
ethyl orthoformate and 29 ml of acetic anhydride, followed by 2 hours of stirring at 100°C. The solvent was evaporated, 
and the resulting residue was dissolved in 200 ml of toluene and mixed with 16 g (64.7 mmol) of p-toluenesulfonic acid 
salt of (1 R.2S)-2-fluorocyclopropylamine. With cooling in an ice bath, thereto was added dropwise 10.87 ml (78 mmol) 
55 of triethylamine dissolved in 30 ml of toluene. After completion of the dropwise addition, this was stirred for 2 hours at 
the same temperature. The reaction solution was mixed with 200 ml of ethyl acetate and washed with water (500 ml x 
1) and saturated brine (500 ml x 2) in that order. The organic layer was dried over anhydrous sodium sulfate and the 
solvent was evaporated. The resulting residue was dissolved in 150 ml of 1,4-dioxane. Thereto was subsequently 
added 3.23 g (80.7 mmol) of sodium hydride in small portions under ice cooling. After 1 hour of stirring at room temper- 
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ature, the reaction solution was poured into 0.5 N hydrochloric acid which was cooled in an ice bath. The thus formed 
crystals were collected by filtration, washed with water (100 ml x 3) and then recrystallized from chloroform-ethanol to 
yield 1 3.9 g (70%) of the title compound. 

5 Melting point: 230 - 231 °C 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

1 .38 (3H, t. J = 7.33 Hz). 1 .35 - 1 .45 (1 H, m), 1 .58 - 1 .70 (iH.m), 2.75 (3H, d, J = 3.42 Hz), 3.85 - 3.93 (1 H, 
m). 4.37 (2H. q, J = 7.33 Hz), 4,80 - 4.83 and 4.95 - 4.99 (1 H, m), 8.57 (1 H, d, J = 2.93 Hz). 

w Reference Example H-8: 

Eth yl 5-amino-6.7HJifluorc^rM ^ 

A 3.91 g (37.6 mmol) portion of ethyl 6,7-difluoro-1-[(1 R.2S)-2-f luoro^ 
is oxoquinoline-3-carboxylate was suspended in 1 liter of a 1 :1 mixture of methanol and 1 ,4-dioxane. This was mixed with 
200 ml of Raney nickel and stirred for 10 minutes at room temperature. After completion of the reaction, the reaction 
solution was filtered and the resulting filtrate was concentrated. The resulting residue was dissolved in 300 ml of chlo- 
roform and filtered through celite. By concentrating the filtrate. 12.5 g (98%) of the title compound was obtained. 

20 1 H-NMR(400MHz. CDCI 3 ) 5: «™, 4LJ 

1 .25 - 1 .38 (1 H. m), 1 .39 (3H, t, J = 7.33 Hz), 1 .45 - 1 .59 (1 H, m), 2.46 (3H. d, J = 2.44 Hz), 3.73 - 3.79 (1 H, 
m). 4.38 (2H, q, J = 7.33 Hz). 4.73 - 4.75 and 4.88 - 4.92 (1H, m). 6.99 (2H, br s). 8.40 (1H, d. J = 3.42 Hz). 



25 



30 



Elementary analysis for 
C^H^FsNgOs-IMHaO: 



Calcd.: 


C 51.28 


H3.63 


N 7.47 




Found : 


C 51.51 


H3.58 


N 7.43 





35 



40 



45 



50 



55 



Reference Example H-9: 

5-Amino-6.7-dtfluoro-rM R.2SV2-fluorocvcloproovn-1 .4-dihvdro-8 -methvl-4-oxoauinoline-3-carboxylic acid 

A 10.43 g (30.6 mmol) portion of ethyl 5-amino-6,7-difluoro-[(1R,2S)-2-fluorocyclopropyl]-1 ,4-dihydro-8-methyl-4- 
oxoquinoline-3-carboxylate was mixed with 150 ml of acetic acid and 150 ml of concentrated hydrochloric acid and then 
heated under reflux for 1 hour. After completion of the reaction, the reaction solution was spontaneously cooled and 
mixed with 700 ml of water. The thus formed crystals were collected by filtration, washed with water (100 ml x 2), etha- 
nol (300 ml x 1) and ether (300 ml x 1) in that order and then dried to yield 7.52 g (79%) of the title compound. 



4.10 (1H, m), 4.85 - 4.93 and 5.05 - 5.10 (1H, 



Melting point: 293 - 297°C (decomposition). 
1 H-NMR (400 MHz, 0.1N NaOD) 6: 

1 .31 - 1 .42 (1 H, m). 1 .53 - 1 .68 (1 H, m), 2.52 (3H, s), 4.03 
m).8.32(1H,s). 

Reference Example 1-1 : 

Ethvl 2.3.4.5.6-pentafluorobenzovlacetate 

A mixture consisting of 100 g (0.47 mol) of pentafluorobenzoic acid, 900 ml of benzene and 350 ml (4.80 mol) of 
thionyl chloride was heated under reflux for 40 hours. After completion of the reaction, the reaction solution was con- 
centrated under a reduced pressure. After repetition of evaporation with benzene (900 mi x 2), the resulting residue was 
dissolved in 500 ml of ether. A mixture consisting of 1 1.5 g (0.47 mol) of magnesium, 450 ml of ethanol and 20 ml of 
carbon tetrachloride was stirred at room temperature for 1 hour, and 71 .6 ml (0.47 mol) of diethyl malonate dissolved in 
900 ml of ether was added dropwise thereto. After 17 hours of stirring at the same temperature, the reaction solution 
was evaporated to dryness under a reduced pressure, and the residue was dissolved in 1 ,500 ml of ether. To this was 
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added dropwise the above acid chloride at room temperature, followed by 63 hours of stirring at the same temperature. 
After completion of the reaction, the reaction solution was washed with 10% citric acid and water in that order, and then 
dried over anhydrous sodium sulfate, subsequently evaporating the solvent. The residue was mixed with 300 ml of 
water and 1.00 g (5.81 mmol) of p-toluenesulfonic acid, heated under reflux for 6 hours, mixed with 2,500 ml of benzene 
5 and then washed with water. The organic layer was dried over anhydrous sodium sulfate and the solvent was evapo- 
rated. The resulting residue was purified by distillation under a reduced pressure (10 mmHg, 1 18 - 120°C) to yield 89.7 
g (67%) of the title compound. 

Reference Example I-2: 

10 

Ethvl 5.6.7.8-tetraf luoro-1 -fM R.2S)-2-f luorocvclooropvIM .4-dihvdro-4-oxoquinoline-3-carboxylatQ 

A 14.4 g (51.0 mmol) portion of ethyl 2,3,4,5,6-pentafluorobenzoyiacetate was dissolved in 150 ml of benzene, 
mixed with 28.8 ml (204 mmol) of N,N-dimethylformamide dimethylacetal and then heated under reflux for 3 hours. After 

15 completion of the reaction, the solvent was evaporated. The resulting residue was mixed with 120 ml of toluene and 
12.6 g (51.0 mmol) of (1R,2S)-2-fluoropropylamine p-toluenesulfbnic acid salt and cooled in an ice bath, to which was 
subsequently added dropwise toluene (39 ml) solution of 8.54 ml (61.2 mmol) triethylamine. After completion of the 
dropwise addition, this was stirred for 1 hour at room temperature. After completion of the reaction, the reaction solution 
was filtered by suction, the filtrate was washed with water (50 ml x 3) and then the water layer was extracted with ethyl 

20 acetate (100 ml x 3). The organic layers were combined, washed with saturated brine and then dried over anhydrous 
sodium sulfate, followed by evaporation of the solvent. The residue was mixed with 100 ml of 1 ,4-dioxane. cooled in an 
ice bath and mixed with 2.04 g (51 .0 mmol) of 60% sodium hydride, followed by 2 hours of stirring at room temperature. 
After completion of the reaction, the reaction solution was poured into 10% citric acid and extracted with dichlorometh- 
ane (200 ml x 2). The organic layer was washed with saturated brine and dried over anhydrous sodium sulfate, subse- 

25 quently evaporating the solvent. The resulting residue was crystallized from dichloromethane-isopropyl ether. The thus 
obtained crystals were collected by filtration, washed thoroughly with ether and then dried under a reduced pressure to 
yield 1 2.6 g (71 %) of the title compound. 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

30 8.46 (1H, s). 5.02 - 4.80 (1H, m), 4.37 (2H, q, J = 7.32 Hz), 3.83 - 3.75 (1H, m), 1.75 - 1.55 (2H, m), 1.40 

(3H, t, J = 7.32 Hz). 

Reference Example I-3: 

35 Ethyl 5"benzyioxy-6.7.8-trifluorp-1 -[(1 R.2S)-2-figprQcycioprQpyl]-1 ,4-dihydrQ-4-QXQqu»noiine-3-carboxyiate 

A 2.35 g (6.77 mmol) portion of ethyl 5,6,7,8-tetraf luoro-1 -[(1R,2S)-2-f luorocyclopropyQ-1,4-dihydro-4-oxoquino- 
line-3-carboxylate was dissolved in 20 ml of toluene and mixed with 0.70 ml (6.77 mmol) of benzyl alcohol. After cooling 
to 0°C, this was further mixed with 280 mg (6.99 mmol) of 60% sodium hydride which has been suspended in 10 ml of 
40 toluene, and the mixture was stirred at the same temperature for 2 hours and then at room temperature for 2 hours. 
After completion of the reaction, the reaction solution was mixed with 10% citric acid and extracted with chloroform (100 
ml x 2). The organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated. The resulting res- 
idue was purified by a silica gel column chromatography (hexanerethyl acetate ■ 1:1) to yield 1.68 g (57%) of the title 
compound. 

45 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

8.41 (1H, s). 7.62 - 7.28 (5H, m), 5.25 and 5.19 (2H, AB d, J = 10.25 Hz), 5.00 - 4.77 (1H. m). 4.39 (2H, q, 
J = 7.33 Hz), 3.82-3.72 (1H, m), 1.70 - 1.53 (2H. m), 1.39 (3H. t. J = 7.33 Hz). 

so Reference Example I-4: 
gJ.gTrifluQrQ-l-KIR^S)-^ 

A 1.68 g (3.86 mmol) portion of ethyl 5-benzyloxy-6,7,8-trif luoro-1 -[(1 R,2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo- 
55 quinoline-3-carboxylate was mixed with 15 ml of a acetic acid-water-sulfuric acid mixture (8:6:1) and heated for 1 hour 
at 100°C. The reaction solution was cooled to room temperature and mixed with 20 ml of water, and the thus formed 
crystals were collected by filtration, washed thoroughly with water and then dried under a reduced pressure to yield 1 .04 
g (85%) of the title compound. 
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1 H-NMR (400 MHz, CDCI 3 ) 5: 

13.11 (1H, s), 13.10 - 12.75 (1H, br). 8.82 (1H. s), 5.09 - 4.83 (1H, m), 3.99 - 3.88 (1H, m). 1.86 - 1.69 (2H, 

m). 

5 Inventive Example 10: 

S-Aminn-7-f(3m-3-n -aminocvelopropvIM -pyrrolidines 8-dif luoro-1 -f ( 1 R.2S )-2-fluorocvclopro pYlV1 , 4-dihYdrQ-4-Qxo- 
guinoline-3-carboxvlic acid hydrochloride 

10 




A 278.8 mg (1 .25 mmol) portion of 1 -benzyloxycarbonyl-3-( 1 -tert-butoxycarbonylaminocyclopropyl)pyrrolidine was 
25 suspended in 10 ml of acetonitrile to which were subsequently added 194.8 mg (0.62 mmol) of 5-amino-6.7,8-trifluoro- 
[(1R,2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxy1ic acid and 0.60 ml (4.30 mmol) of triethylamine, 
followed by 1 1 hours of heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chlo- 
roform, washed with water, 10% citric acid aqueous solution and saturated brine in that order, and then dried over anhy- 
drous sodium sulfate, subsequently evaporating the solvent. The resulting residue was developed twice by a silica^gel 
so thin layer chromatography (lower layer of chloroform:methanol water = 7:3:1) to yield a mixture of yellow oil and solid. 
The thus obtained tert-butylcarbamate compound was cooled in a sodium chloride-ice bath, and 8.0 ml of trifluoroacetic 
acid was added dropwise thereto. After 20 minutes of stirring at the same temperature, trifluoroacetic acid was evapo- 
rated, and the resulting residue was washed three times by decantation after addition of ether. The thus obtained pale 
yellowish brown powder was dissolved in 1 N sodium hydroxide aqueous solution, and the solution was adjusted to pH 
35 7.4 with hydrochloric acid, extracted with chloroform -methanol (10:1) and then dried over anhydrous sodium sulfate, 
subsequently evaporating the solvent. The resulting residue was mixed with ether, and the thus formed powder was dis- 
solved in ethanol, mixed with hydrochloric acid-diethyl ether and then stirred at room temperature. After evaporation of 
the solvent, the resulting residue was washed three times by decantation after addition of ether, and the resulting yellow 
solid was recrystallized from ethanol to yield 55.7 mg (26.2%) of the title compound as yellow powder. 

40 

Melting point: 240.0 - 260.0°C 
1 H-NMR(D 2 0) 6: 

0.75 - 0.95 (4H, m), 1.22 - 1.60 (3H, m), 1 .86 - 2.02 (1H, m). 2.40 - 2.62 (1H, m), 3.18 - 3.40 (1H, m), 3.40 - 
3.82 (4H, m). 4.65 - 4.98 (1H, m), 8.20 (1H, s). 

45 



50 



55 
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Inventive Example 1 1 : 

7-[f3R)-3"(1-Aminocvclopropyl)-1-pyrrolidinvn"6-fluoro-1-fn R.2S)-2-fluorocyclopropyl]"1.4"dihydro-8-methoxv-4-oxO" 
quinoling-3-C 9rboxylic acid 



A 433 mg (1.2 mmol) portion of (3R)-1-benzyloxycarbonyl-3-(1-tert-butoxycarbonylaminocyclopropyl)pyrrolidine 

20 was dissolved in 10 ml of methanol to which was subsequently added 100 mg of 5% palladium-carbon to carry out 2 
hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the reaction, 5% 
palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was dissolved in 10 
ml of dimethyl sulfoxide (DMSO) to which were subsequently added 0. 1 74 ml (1 .25 mmol) of triethylamine and 21 7 mg 
(0.6 mmol) of 6 l 7-drfluoro-[(1R,2S)-2-fluorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline-3<arboxyiic acid BF 2 

25 chelate, followed by 25 hours of stirring at room temperature. After completion of the reaction, DMSO was evaporated, 
the resulting residue was mixed with water, and the thus formed crystals were collected by filtration and washed with 
water (10 ml x 4). The thus obtained crystals were dissolved in 20 ml of methanol and 5 ml of water, and the solution 
was mixed with 0.3 ml of triethylamine and heated under reflux for 4.5 hours. After completion of the reaction, the reac- 
tion solution was mixed with 50 ml of water, methanolwas evaporated and then the resulting residue was extracted with 

30 chloroform (50 ml x 2). The organic layers were combined and dried over sodium sulfate, and the solvent was evapo- 
rated. A 1 0 ml portion of concentrated hydrochloric acid was added dropwise to the resulting residue which was cooled 
in an ice bath, followed by 1 0 minutes of stirring at the same temperature. After completion of the reaction, the reaction 
solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, fol- 
lowed by extraction with chloroform (100 ml x 5). The organic layers were combined and dried over anhydrous sodium 

35 sulfate, and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from methanol-2-pro- 
panol to yield 181 mg (72%) of the title compound. 

Melting point: 195 - 197 P C 

Wo 25 ■ -123.10. (c = 0.515. 1 N sodium hydroxide aqueous solution) 
40 1 H-NMR (400 MHz, 0.1 N NaOD) 6: 



0.60 (4H, s), 1.34 - 1.60 (2H, m), 1.71 - 1.82 (1H, m), 1.99 - 2.07 (1H, m), 2.20 - 2.29 (1H. m), 3.46 - 3.65 
(2H, m), 3.60 (3H, s). 3.69 - 3.78 (1H, m), 3.98 - 4.07 (1H, m), 4.93 - 4.96 and 5.12-5.15 (1H, m), 7.60 (1H, d, J » 
13.67 Hz), 8.43 (1H, d, J « 2.93 Hz). 



5 



10 




15 



45 



Elementary analysis for C21H23F2N3O4 



Calcd.: C 60.14 H 5.53 N 10.02 



Found : 



C 60.02 



H5.45 



N9.92 



50 



55 
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Inventive Example 12: 

7-f(3Rl-3-M - AminocvcloproDvIM -pvrrolidinvl1-6-fluoro-1 -ff 1 R.2SV2-f luorocvdooropylM .4-dihvdro-8-methvl-4-oxoqui- 
nnlinQ-3-carboxvlic acid 

5 




A 322 mg (0.89 mmol) portion of (3R)-1-benzyloxy<*rbonyl-3-(1-tert-butoxyca^ 

20 was dissolved in 1 0 ml of methanol to which was subsequently added 1 00 mg of 5% palladium-carbon to carry out 2 
hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the reaction, 5% 
palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was dissolved in 3 ml 
of sulfolane to which were subsequently added 0.124 ml (0.89 mmol) of triethylamine and 172 mg (0-5 mmol) of 6,7- 
difluoro-[(1 R,2S)-2-f luorocyclopropyQ-1 ,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid BF 2 chelate, followed by 6 

25 days of stirring at room temperature. After completion of the reaction, the reaction solution was mixed with 100 ml of a 
solution of ethyl acetaterdiethyl ether = 1 :1 , washed with 10% citric acid (100 ml x 2) and then dried on sodium sulfate. 
After evaporation of the solvent, the thus obtained residue was dissolved in a mixture solvent consisting of 60 mlrof 
methanol and 1 0 ml of water, and the solution was mixed with 1 ml of triethylamine and heated under reflux for 4 hours. 
After completion of the reaction, methanol was evaporated and the resulting residue was mixed with 100 ml of diethyl 

30 ether and washed with 10% citric acid (100 ml x 3). The organic layer was dried over magnesium sulfate, and the sol- 
vent was evaporated. The resulting residue was subjected to a silica gel thin layer chromatography (methanol ichloro- 
form = 1 :9), and the resulting silica gel was collected and extracted with a solvent system of methanol ichloroform = 1 :9. 
A 10 ml portion of concentrated hydrochloric acid was added dropwise to the thus obtained compound which was 
cooled in an ice bath, followed by 30 minutes of stirring at the same temperature. After completion of the reaction, the 

35 reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric 
acid, followed by extraction with chloroform (100 ml x 4). The organic layers were combined and dried over anhydrous 
sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from 2-propa- 
nol to yield 81 mg (40%) of the title compound. 

40 Melting point: 195 - 197°C 

[a] D 25 = -320.00, (c = 0.270, 0.1 N sodium hydroxide aqueous solution) 

1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.58 (4H, s). 1.21 - 1.38 (1H, m), 1.60 - 1.82 (2H, m), 2.01 - 2.07 (1H, m). 2.22 - 2.32 (1H, m), 2.53 (3H, s). 

3.38 - 3.43 (2H, m), 3.52 - 3.59 (1H, m), 3.75 - 3.83 (1H, m), 4.10 - 4.14 (1H. m), 4.93 - 4.96 and 5.09 - 5.14 (1H, 
45 m), 7.71 (1H, d, J - 14.16 Hz). 8.45 (1H, d, J =2.44 Hz). 





Elementary analysis for C21H23F2N3O3 


50 


Calcd.: 


C 62.52 


H5.75 


N 10.42 


Found : 


C 62.48 


H5.78 


N 10.25 
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Inventive Example 13: 

7-f(3R)-3-(1-Aminocyclopropyl)-1-py^ 
carfroxylig qqitj 



10 



15 




20 A 322 mg (0.89 mmol) portion of (3R)-1-benzyloxycarbonyl-3-(1-tert-butoxycarbonylaminocyclopropyl)pyrrolidin 
was dissolved in 10 mi of methanol to which was subsequently added 100 mg of 5% palladium-carbon to carry out 2 
hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the reaction. 5% 
palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was dissolved in 5 ml 
of acetonitrile to which were subsequently added 0.5 ml of triethylamine and 113 mg (0.4 mmol) of 6,7-difluoro- 

25 [(1R,2S)-2-fluorocyclopropyl]-1.4-dihydro-4-oxoquinoline-3-carboxylic acid, followed by 18 hours of heating under 
reflux. After completion of the reaction, the reaction solution was spontaneously cooled to collect the thus formed crys- 
tals by filtration. With cooling in an ice bath, to the thus obtained crystals was added dropwise 5 ml of concentrated 
hydrochloric acid, followed by 30 minutes of stirring at the same temperature. After completion of the reaction, the reac- 
tion solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, 

30 followed by extraction with chloroform (50 ml x 3). The organic layers were combined and dried on sodium sulfate, and 
then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from liquid ammonia-ethanol to 
yield 1 20 mg (77%) of the title compound. 

Melting point: 240 - 242°C 
35 [«]d 25 = -32.30, (c a 0.260, 0.1 N sodium hydroxide aqueous solution) 
1 H-NM R (400 MHz. 0. 1 N NaOD) 6: 

0.57 (4H, s). 1.68 - 1.83 (3H, m), 2.01 - 2.10 (1H, m), 2.19 - 2.25 (1H, m), 3.29 - 3.35 (1H. m), 3.48 - 3.65 
(4H, m), 5.12 - 5.17 and 5.28 - 5.33 (1H, m), 6.80 (1H, d. J - 7.32 Hz). 7.76 (1H, d, J = 15.13 Hz). 8.39 (1H, s). 



Elementary analysis for C20H21F2N3O3 


Calcd.: 
Found : 


C61.69 
C 60.64 


H5.44 
H5.27 


N 10.79 
N 10.59 
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Inventive Example 14 

7-ft3RV3-M -Aminocvclopropvn-1 -pvrrolidinvl1-6-fluoro-1 -K 1 R.2SV2-f luorocvclopropylH ,4-dihvdro-4-oxo-1 ,8-nap hthy- 
ridine-3-carboxylic acid 

5 



10 




15 



A 180 mg (0.5 mmo!) portion of (3R)-1-benzyloxycarbonyl-3-(1-tert-^ 
was dissolved in 10 ml of methanol to which was subsequently added 100 mg of 5% palladium-carbon to carry out 2 
20 hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the reaction, 5% 
palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was dissolved in 5 ml 
of acetonitrile to which were subsequently added 0.5 ml of triethylamine and 144 mg (0.48 mmo!) of 7-chloro-6-fluoro- 
[(1R,2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-1 l 8-naphthylidine-3-carboxylic acid, followed by 1 hour of heating 
under reflux and subsequent 18 hours of stirring at room temperature. After completion of the reaction, the reaction 
25 solution was spontaneously cooled, and the thus formed crystals were collected by filtration. A 5 ml portion of concen- 
trated hydrochloric acid was added dropwise to the thus obtained crystals under ice cooling, followed by 30 minutes of 
stirring at the same temperature. After completion of the reaction, the reaction solution was adjusted to pH 12 with 
sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, followed by extraction with chloroform (50 
ml x 3). The organic layers were combined and dried over sodium sulfate, and then the solvent was evaporated. There- 
to after, the resulting residue was recrystallized from liquid ammonia-ethanol to yield 79 mg (42%) of the title compound. 

Melting point: 232 - 234°C 

[a] D 25 = 58.33, (c = 0.120, 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0.1 N NaOD) 6: 
35 0.58 (4H, s). 1.60 - 1.87 (3H, m), 2.05 - 2.15 (1H, m), 2.20 - 2.31 (1H. m), 3.48 - 3.79 (3H, m), 3.95 - 4.07 

(2H t m), 5.02 - 5.09 and 5.19 - 5.23 (1H, m), 7.85 (1H, d, J = 13.19 Hz), 8.37 (1H. s). 





Elementary analysis for C^Hao^^Oa 


40 


Calcd.: 


C 58.46 


H5.16 


N 14.35 




Found : 


C 59.39 


H4.97 


IM 14.27 



45 



50 



55 



53 



BNSDOCID: <EP _0807630A1J_> 



EP 0 807 630 A1 



Inventive Example 1 5: 

7-f3-M-Aminocvclobutvn^ 
3-carboxvlic acid ffr. 2) 



o o 



w 




COOH 



To 446 mg (1.30 mmol) of 6,7-difluoro-[(1 R.2S)-2-fluorccyclopropyn-1,4<lihydro-8-methyl-4-oxoquinoline-3-car- 
boxylic acid BF 2 chelate dissolved in 6 ml of sulfolane were added 530 mg (2.20 mmol) of 3-(1 -tert-butoxycarbonylami- 

20 nocyclobutyl)pyrrolidine (fr. 2) and 0.54 ml of triethylamine. followed by 12 days of stirring at room temperature. After 
evaporation of triethylamine, the resulting residue was mixed with 1 0 ml of water and stirred at room temperature for 30 
minutes. The thus formed crystals were washed with water, collected by filtration and then dissolved in 20 ml of a mixed 
solvent of methanol water ■ 9:1, and the solution was mixed with 4 ml of triethylamine and heated under reflux for 3 
hours. After evaporation of the solvent, the resulting residue was mixed with 50 ml of chloroform, washed with 1 0% citric 

25 acid (20 ml x 2) and dried on magnesium sulfate, and the solvent was then evaporated. A 5 ml portion of concentrated 
hydrochloric acid was added to the resulting residue and stirred at the room temperature for 2 hours, and then the reac- 
tion solution was washed with chloroform (5 ml x 2). The reaction solution was adjusted to pH 7.3 with 20% sodium 
hydroxide aqueous solution and extracted with chloroform (30 ml x 3). The organic layers were combined and dried over 
sodium sulfate, and then the solvent was evaporated. The resulting residue was separated and purified by a preparative 

30 TLC (developed by the lower layer of chloroform:methanol:water = 7:3:1) and recrystallized from ethanol to yield 220 
mg (41%) of the title compound. 

Melting point: 140 - 143°C 
1 H-NMR (400 MHz, 0.1 N NaOD) 6: 
35 1 .06 - 1 .21 (1 H, m), 1 .55 - 1 .71 (3H, m), 1 .81 - 1 .85 (3H, m), 1 .91 - 2.08 (3H. m), 2.33 - 2.48 (4H, m), 3.1 7 - 

3.24 (2H, m), 3.44 - 3.48 (1 H, m), 3.67 - 3.68 (1 H. m), 4.02 - 4.05 (1 H, m), 7.64 (1 H, d, J = 1 4. 16 Hz), 8.44 (1 H, s). 
[a] D 23 = -31 8.47. (c = 0.184, methanol/chloroform =2/1) 



Elementary analysis for 
C 19 H 19 N40 3 F3-1/4H 2 0 


Calcd.: 
Found : 


C 60.68 
C 60.41 


H6.25 
H6.20 


N9.65 
N9.58 



50 



55 



54 
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10 



15 



Inventive Example 16: 
n*n quinoline- 3-rarhnxvlic acid 




NH 2 O O 




OH 



20 



25 



30 



35 



40 



A 310 mg (0 83 mmol) portion of (3R)-1-benzyloxycarbonyl-3-[1-(N-tert-butc>xycarboiiyl-N-methyl)aminocyclopro- 
pyllpyrrolidine was dissolved in 10 ml of methanol to which was subsequently added 200 mg of 5% palladium-carbon 
to carry out 1 hour of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the 
reaction, 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting rescue was dis- 
solved in 10 ml of acetonitrile to which were subsequently added 1 .24 ml of 1 ,8-diazabicyclo[5.4.0]undec-7-ene (DBU) 
and 190 mg (0.6 mmol) of 5 -amino-6J.8-trmuoro-t(1R.2S)-2-fluorocyclopropyn-1.4-dihydro-4-oxoquirK)line-3K:a^xy- 
lic acid followed by 18 hours of heating under reflux. After completion of the reaction, acetonitrile was evaporated and 
the resulting residue was mixed with 200 ml of chloroform and washed with 10% citric acid (100 ml x 1). The organic 
layer was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was subjected tw.ce to a 
silica gel thin layer chromatography (methanol :chloroform = 5:95). and the resulting silica gel was collected and 
extracted with a solvent system of methanol:chloroform = 1:9. AS ml portion of concentrated hydrochlonc acd was 
added dropwise to the thus obtained compound under ice cooling, followed by 10 minutes of stirring. After completion 
of the reaction, the reaction solution was adjusted to pH 1 2 with sodium hydroxide aqueous solution and then to pH 7 A 
with hydrochloric acid, followed by extraction with chloroform (50 ml x 3). The organic layers were combined and dried 
over sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from liq- 
uid ammonia-2-propanol to yield 96 mg (37%) of the title compound. 

Melting point: 180 - 181 "C 

[«b 25 = -242.26. (c = 0.265. 1 N sodium hydroxide aqueous solution) 

1 H-NMR (400 MHz, 0.1 N NaOD) 6: , „ „« * ag 

0 54 - 0 65 <4H m). 1.37 - 1.64 (3H. m). 1.88 - 1.98 (1H, m). 2.33 (3H. s). 2.75 - 2.87 (1H, m). 3.29 - 3.48 
(1H. m). 3.51 - 3.64 (2H, m). 3.71 - 3.83 (2H. m). 4.80 - 4.91 and 5.03 - 5.07 (1H. m). 8.18 (1H. s). 





Elementary analysis for C21H23F2N4O3 




Calcd.: 


C 56.63 


H5.43 


N 12.58 


45 


Found : 


C 56.57 


H5.31 


N 12.44 



50 



55 



55 



EP 0 807 630 A1 

Inventive Example 17: 

6-Fluoro-1-[(1R,2S)-2-fluorocvclopro^ 
4-oxQquinoline-3-C9rb Qxyliq acicj 

5 



10 



15 




A 449 mg (1.2 mmol) portion of (3R)-1-benzyloxycarbonyl-3-[1-(^ 

20 pyQpyrroltdine was dissolved in 10 ml of methanol to which was subsequently added 100 mg of 5% palladium-carbon 
to carry out 1 hour of hydrogenation under normal pressure with warming by an infrared lamp light. After completion of 
the reaction, 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved in 10 ml of dimethyl sulfoxide to which were subsequently added 0.174 ml (1.25 mmol) of triethylamine and 
217 mg (0.6 mmol) of 6,7-difluoro-[(1R,2S)-2-fluorocyclopropyl]-1,4<lihy^ 

25 acid BF 2 chelate, followed by 5 hours of stirring at room temperature. After completion of the reaction, dimethyl sulfoxide 
was evaporated, the resulting residue was mixed with water, and the thus formed crystals were collected by filtration 
and washed with water (1 0 ml x 3). The thus obtained crystals were dissolved in a mixed solvent consisting of 20 ml of 
methanol and 5 ml of water, and the solution was mixed with 0.3 ml of triethylamine and heated under reflux for 15.5 
hours. After completion of the reaction, methanol was evaporated, and the reaction solution was mixed with 50 ml of 

30 water and extracted with chloroform (20 ml x 2). The organic layers were combined, washed with 10% citric acid (100 
ml x 2) and dried over sodium sulfate, and the solvent was evaporated. A 5 ml portion of concentrated hydrochloric acid 
was added dropwise to the resulting residue under ice cooling, followed by 10 minutes of stirring at the same tempera- 
ture. After completion of the reaction, the reaction solution was adjusted to pH 1 2 with sodium hydroxide aqueous solu- 
tion and then to pH 7.4 with hydrochloric acid, followed by extraction with chloroform (50 ml x 5). The organic layers 

35 were combined and dried over sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue 
was recrystallized from methanol-ethanol to yield 21 5 mg (83%) of the title compound. 



Melting point: 208 - 209°C 

[a] D 25 = -123.42, (c = 0.525, 0.1 N sodium hydroxide aqueous solution) 
40 1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.53 - 0.69 (4H, m), 1.32 - 1.59 (3H, m), 1.91 - 2.02 (1H, m), 2.34 (3H, s), 2.85 - 2.95 (1H, m), 3.29 - 3.38 
(1H, m), 3.51 - 3.62 (2H, m), 3.57 (3H, s), 3.70 - 3.79 (1 H, m), 3.98 - 4.07 (1 H, m), 4.95 - 4.98 and 5.09 - 5.13 (1H. 
m), 7.66 (1H, d, J = 14.23 Hz), 8.39 (1H, d, J = 2.93). 

45 



Elementary analysis for C22H25F2N3O4 


Calcd.: 
Found : 


C 60.96 
C 60.79 


H5.81 
H5.73 


N9.69 
N9.55 



55 



56 
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Inventive Example 18: 

6-Fluoro-1-fMR.2SV2-fluorocvclooroovl1- 
oynquinoline-3-carboxylic acid 



.4-dihvdro-8-methvl-7-ff3R^3-n-meth v laminocvclopropvn-1-pyrrolidinyn-4> 



o o 



10 



15 




HN V^J 




20 



25 



30 



35 



40 



45 



A 749 mg (2 0 mmol) portion of (3R)-1-benzyloxycarbonyl-3-[1-(N-tert-but(>xycarbonyl-N-methyl)aminocyclopro- 
pyllpyrrolidine was dissolved in 10 ml of methanol to which was subsequently added 200 mg of 5% palladium-carbon 
to carry out 1 hour of hydrogenation under normal pressure with warming by an infrared lamp light. After completion of 
the reaction 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved in 5 ml of sulfolane to which were subsequently added 0.279 ml (2.0 mmol) of triethylamine and 345 mg (1 .0 
mmol) of 6 7-difluoro-[(1 R.2S)-2-f luorocyclopropyl]-1 ,4-dihydro-8-methyl-4-oxoquinoline-3-caiboxylic acid BF 2 chelate^ 
followed by 11 days of stirring at room temperature. After completion of the reaction, the reaction solution was mixed 
with 50 ml of water, and the thus formed crystals were collected by filtration and washed with water (10 ml x 2). The 
thus obtained crystals were dissolved in 32 ml of methanol and 8 ml of water, and the solution was mixed with 0.5 ml of 
triethylamine and heated under reflux for 18 hours. After completion of the reaction, methanol was evaporated an*the 
resulting residue was mixed with 200 ml of chloroform and washed with 10% citric acid (100 ml x 1). The organic layer 
was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was subjected to a silica gel thin 
layer chromatography (methanokchloroform = 1 :9). and the resulting silica gel was collected and extracted with a mixed 
solvent of methanokchloroform = 1 :9. A 5 ml portion of concentrated hydrochloric acid was added dropw.se to the thus 
obtained compound under ice cooling, followed by 30 minutes of stirring at the same temperature. After completion of 
the reaction the reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 
with hydrochloric acid, followed by extraction with chloroform (100 ml x 3). The organic layers were combined and dned 
on sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from meth- 
anol-ethanol to yield 1 24 mg (30%) of the title compound. 

Melting point: 211 -212°C 

[a] D 25 = -330.18, (c = 0.275. methanol) 

1 H-NMR (400 MHz. 0.1 N NaOD) 6: /ou x 

0 51 - 0 67 (4H m). 1.20-1 .35 (1H. m). 1.43 - 1.68 (2H, m), 1.94 - 2.02 (1H, m), 2.32 (3H. s). 2.46 (3H. s). 
2 89 - 2.98 (1H. m). 3.30 - 3.42 (3H. m). 3.75 - 3.83 (1H, m), 4.05 - 4.13 (1H, m). 4.90 - 4.93 and 5.03 - 5.10 (1H. 
m). 7.66 (1H. d. J = 14.65 Hz). 8.41 (1H. d. J = 3.42 Hz). 





Elementary analysis for C22H25F2N3Q3 




Calcd.: 


C 63.30 


H6.04 


N 10.07 


SO 


Found : 


C 62.97 


H6.25 


N9.91 



55 



57 
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Inventive Example 19: 

5-Amino-7-K3R)-3-n -ethvlaminocvclopropvn-1 -pvrrolidinvl]-6.8-difluoro-1 -I'M R.2S)-2-fluorocvcloDroDvlM .4-dihvdro-4- 
oxoQuinoline-3-carboxvlic acid 



10 



15 




20 A 414 mg (1.07 mmol) portion of (3R)-1-benzyloxycarlx>nyl-3-^ 

pyQpyrrolidine was dissolved in 15 ml of methanol to which was subsequently added 200 mg of 5% palladium-carbon 
to carry out 1.5 hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of 
the reaction, 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved in 10 ml of acetonitrile to which were subsequently added 1 ml of triethylamine and 225 mg (0.71 mmol) of 5- 

25 amino-6.7,8-trifluoro-[(1R t 2S)-2-fluorocyclopropy^ acid, followed by 18 hours 

of heating under reflux. After completion of the reaction, acetonitrile was evaporated, and the resulting residue was 
mixed with 100 ml of chloroform and washed with 10% citric acid (100 ml x 1). The organic layer was dried over sodium 
sulfate, and the solvent was evaporated. A 5 ml portion of concentrated hydrochloric acid was added dropwise to the 
resulting residue under ice cooling, followed by 1 hour of stirring. After completion of the reaction, the reaction solution 

30 was mixed with 1 0 ml of water and washed with dichloromethane (1 5 ml x 1 ). The aqueous layer was adjusted to pH 1 2 
with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, followed by extraction with chloro- 
form (50 ml x 3). The organic layers were combined and dried over sodium sulfate, and then the solvent was evapo- 
rated. Thereafter, the resulting residue was recrystallized from liquid ammonia-2-propanol to yield 243 mg (76%) of the 
title compound. 

35 

Melting point: 151 - 152°C 

[a] D 25 = -116.82. (c = 0.315, 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.51 - 0.69 (4H, m), 1.04 (3H, t, J = 7.32 Hz), 1.37 - 1.62 (3H, m). 1.92 - 1.99 (1H t m), 2.71 (2H, q, J = 7.32 
40 Hz), 2.78 - 2.88 (1H, m), 3.30 - 3.39 (1H, m), 3.53 - 3.64 (2H, m), 3.72 - 3.85 (2H, m), 4.85 - 4.92 and 5.03 - 5.07 

(1H, m), 8.19 (1H,s). 



Elementary analysis for 


C 


J 22 H25F3N 4 03-1/4H 2 0 


Calcd.: 


C 58.08 


H5.65 


N 12.31 


Found : 


C 58.23 


H5.89 


N 11.98 



58 
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Inventive Example 20: 



S-Amino-6.8<frfluoro-14MR.2SV2-fluoro^ 
pyrrolidinvlV4-oxQQuinoline-3-carboxvlic acid 




A 332 mg (0.67 mmol) portion of (3R)-1-benzyloxycarbonyl-3-[1-[^ 
nocyclopropyl]pyrrolidine was dissolved in 20 ml of methanol to which was subsequently added 100 mg of 5% palla- 
dium-carbon to carry out 24 hours of hydrogenation under a pressure of 7 kg/cm 2 with warming by an infrared lamp 
light. After completion of the reaction, 5% palladium-carbon was removed by filtration and methanol was evaporated. 
The resulting residue was dissolved in 10 ml of acetonitrile to which were subsequently added 1 ml of triethylamine and 
177 mg (0.56 mmol) of 5-amino-6 J.8-tr»luoro-[(1 W 

acid, followed by 23 hours of heating under reflux. After completion of the reaction, acetonitrile was evaporated and the 
resulting residue was mixed with 100 ml of chloroform and washed with 10% citric acid (100 ml x 1). The organic layer 
was dried on sodium sulfate, and the solvent was evaporated. The resulting residue was subjected to a silica gel thin 
layer chromatography (methanol :chloroform = 1 :9), and the resulting silica gel was collected and extracted with a sol- 
vent system of methanol :chloroform = 1 :9. A 1 0 ml portion of concentrated hydrochloric acid was added dropwise to4he 
thus obtained compound under ice cooling, followed by 30 minutes of stirring. After completion of the reaction, the reac- 
tion solution was washed with dichloromethane (10 ml x 2). The aqueous layer was adjusted to pH 12 with sodium 
hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, followed by extraction with chloroform (100 ml x 
3). The organic layers were combined and dried on sodium sulfate, and then the solvent was evaporated. Thereafter, 
the resulting residue was recrystallized from liquid ammonia-ethanol to yield 97 mg (36%) of the title compound. 



Melting point: 198 - 200°C 

[a] D 22 5 _ .141.49 ( ( C - 0.335. 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.58 - 0.66 (4H, m), 1.45 - 1.60 (3H, m), 1.92 - 1.97 (1H, m), 2.82 - 2.88 (3H, m). 3.31 - 3.38 (1H, m). 3.55 - 
3.69 (4H, m), 3.75 - 3.83 (2H, m), 4.85 - 4.92 and 5.03 - 5.08 (1H, m), 8.19 (1H, s). 



Elementary analysis for 
C 2 2H25F3N404-1/4H 2 0 



Calcd.: 
Found : 



C 56.11 


H5.46 


C 56.38 


H5.37 



N 11.90 
N 11.75 



nKfmwnAi i > 



59 
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Inventive Example 21: 

6-Huoro-1-f(1R.2S)-2-fluorocyclo^^ 
methoxv-4>oxOQuinoline-3-carboxylicacid 

5 




A 210 mg (0.78 mmol) portion of (3R)-3-[1 -(2-hydroxyethyl)aminocyclopropyl]pyrrolidine was dissolved in 10 ml of 

20 dimethyl sulfoxide to which was subsequently added 0.109 ml (0.78 mmol) of triethylamine and 231 mg (0.64 mmol) of 
6.7-d'rfluoro-[(1R,2S)-2-fluorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid BF 2 chelate, fol- 
lowed by 20 hours of stirring at room temperature. After completion of the reaction, dimethyl sulfoxide was evaporated, 
the resulting residue was mixed with water and the thus formed crystals were collected by filtration and washed with 
water (10 ml x 2). The thus obtained crystals were dissolved in 16 ml of methanol and 4 ml of water, and the solution 

25 was mixed with 1 ml of triethylamine and heated under reflux for 3 hours. After completion of the reaction, methanol was 
evaporated and the resulting residue was mixed with 100 ml of chloroform and washed with 10% citric acid (100 ml x 
2). The organic layer was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was sub- 
jected to a silica gel thin layer chromatography (methanol:chloroform = 1 :9), and the resulting silica gel was collected 
and extracted with a solvent system of methanol xhloroform = 1 :9. A 5 ml portion of concentrated hydrochloric acid was 

30 added dropwise to the thus obtained compound under ice cooling, followed by 30 minutes of stirring at the same tem- 
perature. After completion of the reaction, the reaction solution was washed with dichloromethane (20 ml x 1). The 
aqueous layer was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, 
followed by extraction with chloroform (50 ml x 3). The organic layers were combined and dried over sodium sulfate, and 
then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from liquid ammonia-2-propanol 

35 to yield 120 mg (40%) of the title compound. 

Melting point: 1 53 - 1 55°C 

[a] D 25 4 = -106.66, (c = 0.270, 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0. 1 N NaOD) 8: 
40 0.55 - 0.67 (4H. m), 1.33 - 1.43 (1H, m), 1.48 - 1.62 (2H, m), 1.94 - 2.04 (1H, m), 2.82 - 2.94 (3H, m), 3.29 - 

3.36 (1H, m), 3.51 - 3.61 (2H, m), 3.57 (3H, s), 3.66 (2H, t. J - 5.86 Hz). 3.66 - 3.78 (1H, m). 3.98 - 4.05 (1H, m), 
4.91 - 4.95 and 5.07 - 5.1 1 (1H, m), 7.65 (1H, d, J = 14.16 Hz), 8.39 (1H, d, J = 2.93 Hz). 



45 


Elementary analysis for C23H 27 F 2 N30 5 




Calcd.: 


C 59.60 


H5.87 


N9.07 




Found : 


C 59.34 


H6.03 


N 8.84 



50 



55 



60 
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Inventive Example 22: 



6-Fluoro-H(1R:2SV2-fluoro^ 
methyl>4-oxQ quinoline-3-carboxvlicacid 



O O 



o o 




OBF 2 




A 203 mg (0.74 mmol) portion of (3 R)-3-[1-(2-hydroxyethyl)aminocyclopropyl] pyrrolidine was dissolved in 2 ml of 
sulfolane to which was subsequently added 0.082 ml (0.6 mmol) of triethylamine and 206 mg (0.6 mmol) of 6,7-dif luoro- 
((1R,2S)-2-fluorocyclopropyl]-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid BF 2 chelate, followed by 7 days of 
stirring at room temperature. After completion of the reaction, the reaction mixture was mixed with 100 ml of chloroform 
and washed with 10% citric acid (100 ml x 1). The organic layer was dried over sodium sulfate, and the solvent was 
evaporated. The resulting residue was dissolved in 16 ml of methanol and 4 ml of water, and the solution was mixed 
with 1 ml of triethylamine and heated under reflux for 3 hours. After completion of the reaction, methanol was evapo- 
rated and the resulting residue was mixed with 100 ml of chloroform and washed with 10% citric acid (100 ml x 1). The 
organic layer was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was subjected to a 
silica gel thin layer chromatography (methanol rchloroform « 1 :9), and the resulting silica gel was collected and extracted 
with a solvent system of methanol rchloroform = 1 :9. A 2 ml portion of concentrated hydrochloric acid was added drop- 
wise to the thus obtained compound under ice cooling, followed by 30 minutes of stirring at the same temperature. After 
completion of the reaction, the reaction solution was washed with dichloromethane (20 ml x 1). The water layer was 
adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, followed by extrac- 
tion with chloroform (50 ml x 3). The organic layers were combined and dried over sodium sulfate, and then the solvent 
was evaporated. Thereafter, the resulting residue was recrystallized from liquid ammonia-ethanol to yield 63 mg (23%) 
of the title compound. 

Melting point: 168 - 170°C 

[<*b 25 * 2 55 -236.47, (c = 0.170, 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.55 - 0.67 (4H, m), 1.18 - 1.25 (1H, m), 1.42 - 1.69 (2H, m), 1.92 - 1.99 (1H, m), 2.43 (3H, s). 2.82 - 2.94 
(3H, m), 3.22 - 3.34 (3H. m), 3.65 (2H, t, J = 5.86 Hz), 3.69 - 3.79 (1 H, m), 4.03 - 4.09 (1 H, m), 4.90 - 4.95 and 5.07 
- 5.1 1 (1H, m), 7.65 (1H, d, J = 14.16 Hz), 8.43 (1H, d, J = 2.93 Hz). 



Elementary analysis for C23H 2 7F 2 N 3 04 


Calcd.: 
Found : 


C 61.74 
C61.68 


H6.08 
H6.19 


N 9.39 
N 9.31 



.0807630 A 1 I > 



61 



EP 0 807 630 A1 

Inventive Example 23: 

5-Amino-7-f3-n-aminocyclobutvl)-1-p^^ 
ljne-3-cqrtpQxylic aqid (fr T 1) 



10 



15 




20 



25 



30 



35 



A 136 mg (0.57 mmol) portion of 3-(1 -tert-butoxycarbonylaminocyclopropyl)pyrrolidine (fr.1) was suspended in 10.0 
ml of acetonitrile to which was subsequently added 120 mg (0.38 mmol) of 5-amino-6,7,8-trifluoro-[(1 R,2S)-2-fluorocy- 
clopropy!]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and 0.79 ml (3.79 mmol) of triethylamine. followed by overnight 
heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chloroform, washed with 
water, 10% citric acid aqueous solution and saturated brine in that order, and then dried over anhydrous sodium sulfate, 
followed by evaporation of the solvent. To this was added 2 ml of concentrated hydrochloric acid, followed by 2 hours of 
stirring at room temperature. The reaction solution was mixed with 10 ml of water, washed with chloroform and then 
neutralized with sodium hydroxide aqueous solution. This was extracted with chloroform and dried over sodium sulfate, 
and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from 2-propanol to yield 29 
mg (15%) of the title compound as a yellow solid. 

Melting point: 181 - 183°C (decomposition) 
1 H-NMR(0.1 N-NaOD)6: 

1.53-1.72 (4H. m). 1.81 - 1.91 (3H, m), 1.98 - 2.13 (3H, m), 2.25 - 2.33 (1H, m). 3.42 - 3.60 (3H, m), 3.68 - 
3.80 (2H, m), 4.81 -5.03 (1H, m), 8.25 (1H, s). 





Elementary analysis for 

C2lH23F3N403-1/4H 2 0 


40 


Calcd.: 


C 57.20 


H5.37 


N 12.71 




Found : 


C 57.09 


H5.34 


N 12.38 



45 



50 



55 
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Inventive Example 24: 

5-Amino-7-r3-M -aminocvclobutyh-l -pvrrolidinvn-6.8-difluoro-1 -H1 R.2S)-2-f lu orocvclopropvIM ,4-dihvdro-4-oxoquino- 
line-3-carboxvlic acid (fr. 2) 



10 



15 




A 242 mg (1 .00 mmol) portion of 3-(1 -tert-butoxycarbonylaminocyclopropyl) pyrrolidine (f r.2) was suspended in 1 0.0 
ml of acetonitrile to which was subsequently added 212 mg (0.67 mmol) of 5-amino-6.7.8-trifluoro-[(1 R,2S)-2-fluorocy- 
clopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid and 1.40 ml (6.70 mmol) of triethylamine, followed by overnight 
heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chloroform, washed with 

25 water, 1 0% citric acid aqueous solution and saturated brine in that order, and then dried over anhydrous sodium sulfate, 
followed by evaporation of the solvent. Thereto was added 2 ml of concentrated hydrochloric acid, followed by 2 hours 
of stirring at room temperature. The reaction solution was mixed with 10 ml of water, washed with chloroform and then 
neutralized with sodium hydroxide aqueous solution. This was extracted with chloroform and dried over sodium sulfate, 
and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from ethanol-diisopropyt ether 

30 to yield 292 mg (37%) of the title compound as a yellow solid. 

Melting point: 133 - 139*C 
1 H-NMR(0.1 N-NaOD)6: 

1 .46 - 1 .68 (4H, m), 1 .81 - 1 -86 (3H, m), 1 .94 - 1 .99 (1 H. m). 2.05 - 2.1 0 (2H, m). 2.27 - 2.31 (1 H, m), 3.47 - 
35 3.54 (3H, m). 3.67 - 3.71 (2H. m), 3.86 - 5.02 (1H. m), 8.19 (1 H, s). 





Elementary analysis for 
CaiH^Fa^CVHaO 


40 


Calcd.: 




C 55.50 


H5.54 


N 12.33 




Found : 




C 55.76 


H5.33 


N 11.85 



45 



SO 



55 
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Inventive Example 25: 

7-f3-(1-Aminocvclobutvl)-1-pyrrolidinvn^ 
Qline-3-qarboxyliQ 3p|<j (fr, g) 



10 



15 




CQ 2 H 




CQ 2 H 



20 A 215 mg (0.89 mmol) portion of 3-(1-tert-butoxycarbonylaminocyclopropyl)pyrrolidine (fr.2) was suspended in 2.0 
ml of dimethyl sulfoxide to which was subsequently added 21 5 mg (0.60 mmol) of 6,7,8-trif luoro-[(1 R,2S)-2-f luorocyclo- 
propyl]-1 .4-dihydro-4-oxoquinoline-3-carboxylic acid and 249 jxl (1 .80 mmol) of triethylamine, followed by overnight stir- 
ring at room temperature. After evaporation of triethylamine, the resulting residue was mixed with water to collect the 
thus formed precipitate by filtration. This was dissolved in 10 ml of 90% methanol aqueous solution, and the solution 

25 was mixed with 2 ml of triethylamine and heated under reflux for 2 hours. After evaporation of the solvent, the resulting 
residue was mixed with chloroform, washed with 1 0% citric acid aqueous solution and saturated brine in that order, and 
then dried over anhydrous sodium sulfate, followed by evaporation of the solvent To this was added 2 ml of concen- 
trated hydrochloric acid, followed by 2 hours of stirring at room temperature. The reaction solution was mixed with 10 
ml of water, washed with chloroform and then neutralized with sodium hydroxide aqueous solution. This was extracted 

30 with chloroform and dried over sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue 
was recrystallized from ethanol-diisopropyl ether to yield 71 mg (27%) of the title compound as a yellow solid. 

Melting point: 123- 139°C 
1 H-NMR (0.1 N-NaOD)6: 

35 1.33 - 1.40 (1H, m), 1.50 - 1.60 (1H, m). 1.68 - 1.79 (2H, m), 1.86 - 1.88 (3H, m), 2.03 - 2.07 (1H, m), 2.14 

(2H. brs). 2.40 - 2.49 (1H, m), 3.50 - 3.52 (3H. m), 3.56 (3H, s), 3.67 - 3.71 (1H. m). 3.98 - 4.03 (1H. m), 7.66 (1H, 
d, J = 14.6 Hz), 8.42 (1H, 2s). 



40 


Elementary analysis for 
C22H25F2N3O4 • 3/4H 2 0 




Calcd.: 


C 50.12 


H5.98 


N9.40 




Found : 


C 58.94 


H5.70 


N9.13 



50 



55 
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Inventive Example 26: 

S-Amino-7-r3-n -aminocvclopropvIM -azetidin v ll-6 8-difluoro-1 -K1 R.2S)-2-f luorocvclopropvlH 4-riihvdro-4-oxoquino- 
lin^-3-carboxvlic acid 



10 



15 




NHBoc 



NH 2 0 O 

NH 2 



20 



25 



30 



35 



40 



A 212 mg (1.00 mmol) portion of 3-(1-tert-butoxycarbonylaminocyclopropyl)azetidine was suspended in 10.0 ml of 
acetonitrile to which was subsequently added 210 mg (0.66 mmol) of 5-amino-6,7.8-trifluoro-[(1 R,2S)-2-fluorocyclopro- 
pyl]-1 4-dihydro-4-oxoquinoline-3-carboxylic acid and 0.92 ml (6.60 mmol) of triethylamine. followed by 22 hours of 
heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chloroform, washed with 
water 10% citric acid aqueous solution and then dried over anhydrous sodium sulfate, followed by evaporation of the 
solvent Thereto was added 2 ml of concentrated hydrochloric acid, followed by 2 hours of stirring at room temperature. 
The reaction solution was neutralized with sodium hydroxide aqueous solution and extracted with chloroform. The 
extract was dried over sodium sulfate and the solvent was evaporated. Thereafter, the resulting residue was purified by 
a preparative TLC (developed by the lower layer of chloroform:methanol water = 7:3:1), recrystallized from concen- 
trated liquid ammonia-ethanol. and then washed with water and diethyl ether in that order to yield 108 mg (40%) ofcthe 
title compound as a yellow solid. 

Melting point: 188 - 191 °C (decomposition) 

[a] D 25 = 36.44, (c = 0.225, 1 N sodium hydroxide aqueous solution) 
1 H-NMR(0.1 N-NaOD)6: 

0.58 (4H, 2s). 1.54 - 1.61 (2H, m). 2.84 - 2.87 (1H. m), 3.78 (1H, m), 3.99 (2H, m), 4.32 (2H. m). 8.1 (1H, s). 



Elementary analysis for 


C 


ii9Hi9F 3 N 4 03-1/2H 2 0 


Calcd.: 


C 54.68 


H4.83 


N 13.42 


Found : 


C 54.39 


H4.74 


N 13.22 



45 



50 



55 
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Inventive Example 27: 

5-Amino-7-r(3RV3-n-aminocvcloproD^ 
4-oxoquinoline-3-C3rbpxylic apid 



10 



15 



NHo O O 




NH? O O 




Hr>N 



OH 



20 



25 



30 



35 



A 649 mg (1.8 mmol) portion of (3R)-1-benzyloxycarbonyl-3-(1-tert-but^ 
lidine was dissolved in 20 ml of methanol to which was subsequently added 200 mg of 5% (v/v) palladium-carbon to 
carry out 2 hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the 
reaction, 5% (v/v) palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved in 20 ml of dimethyl sulfoxide to which were subsequently added 2 ml of triethylamtne and 312 mg (1 mmol) 
of 5-amino-6,7-drfluoro-[(1R,2S)-2-fluorocydopropyl]-1,4-dihydro-8-methyl-4-oxoquinoline-3- carboxylic acid, followed 
by 18 hours of stirring at 150°C. After completion of the reaction, dimethyl sulfoxide was evaporated, and the resulting 
residue was mixed with 100 ml of chloroform and washed with 10% citric acid (100 ml x 1) and saturated brine (100 ml 
x 1) in that order. The organic layer was dried over anhydrous sodium sulfate, and the solvent was evaporated. A 10 ml 
portion of concentrated hydrochloric acid was added dropwise to the resulting residue under ice cooling, followed by 1 
hour of stirring at room temperature. After completion of the reaction, the reaction solution was washed with dichlo- 
romethane (20 ml x 1). The aqueous layer was adjusted to pH 12 with sodium hydroxide aqueous solution and then to 
pH 7.4 with hydrochloric acid, followed by extraction with chloroform (100 ml x 4). The organic layers were combined 
and dried over anhydrous sodium sulfate, and then the solvent was evaporated. The resulting residue was subjected to 
a silica gel thin layer chromatography, and the silica gel collected after development by the lower layer of a mixture sol- 
vent system of chloroform:methanol:water = 7:3:1 was extracted with the same solvent. Thereafter, the thus obtained 
crude product was recrystallized from chloroform-isopropyl ether to afford 101 .5 mg (24%) of the title compound. 



Melting point: 21 5 - 21 6°C 

[a] D 25 = -406.96, (c = 0.1 15, 0.1 N sodium hydroxide aqueous solution) 
1 H-NMR (400 MHz, 0.1 N-NaOD) 5: 
40 0.55 (4H, s), 1.09-1.18 (1H, m), 1.45- 1.57 (1H, m), 1.61 - 1.74 (1H, m), 1.95-2.05 (1H, m),2.16 - 

(1 H, m), 2.27 (3H, s). 3.24 - 3.37 (2H, m), 3.45 - 3.57 (1 H, m), 3.68 - 3.80 (1 H, m), 3.89 - 3.98 (1 H. m), 4.85 
and 5.02 - 5.07 (1 H. m), 8.26 (1 H, d, J = 2.93 Hz). 



2.25 
4.91 



45 



50 



Elementary analysis for 


C 


i 2 iH24F2N403-1/2H 2 0 


Calcd.: 


C 59.01 


H5.89 


N 13.39 


Found : 


C 59.35 


H5.85 


N 12.83 



55 



66 



BNSDOCID: <EP 0807630A1_I_> 



EP 0 807 630 A1 

Inventive Example 28: 

7-f(3m-3-n-AminocvclQDroDvl)-1-DW^^ 
oxoquinoline -3-carboxvlic acid 



10 




A 360 mg (1.00 mmol) portion of (R)-1-benzyloxycarbonyl-3-(1-tert-butoxycarbonylaminomethylcyclopropyl)pyrro- 
20 lidine was dissolved in 10 ml of methanol to which was subsequently added 125 mg of 5% (v/v) palladium-carbon to 
carry out 3.5 hours of stirring at room temperature in a stream of hydrogen. After filtration through celite. methanol was 
evaporated. The resulting residue was mixed with 1 ml of triethylamine and 159 mg (0.50 mmol) of 6.7,8-trifluoro- 
[(1R,2S)-2-fluorocyclopropyO-1,^ acid which has been dissolved in 10 

ml oif acetonitrile, and the thus prepared mixture was heated under reflux for 1 hour. After completion of the reaction, 
25 the reaction solution was mixed with 10% citric acid and extracted with chloroform (50 ml x 3). The organic layer was 
dried over anhydrous sodium sulfate, and the solvent was evaporated. A 5 ml portion of concentrated hydrochloric acid 
was added dropwise to the resulting residue, followed by 1 .5 hours of stirring at room temperature. After completion of 
the reaction, the reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH-7.4 
with hydrochloric acid, and the thus precipitated crystals were collected by filtration. The resulting filtrate was extracted 
30 with chloroform (100 ml x 3). The organic layer was dried over anhydrous sodium sulfate and the solvent was evapo- 
rated. Thereafter, the resulting residue and the collected crystals were combined, and recrystallised from ethanol-liquid 
ammonia to yield 227 mg (82%) of the title compound. 

Melting point: 199- 201 °C 
35 1 H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.55 (4H, s), 1.76 - 0.64 (3H. m), 2.05 - 1.94 (1H. m), 2.27 - 2.14 (1H. m), 3.58 - 3.38 (3H, m). 3.76 - 3.65 
(1H. m), 3.87 - 3.76 (1H, m), 5.07-4.81 (1H. m), 8.12 (1H, s). 
Nd 21 = -159.33 (c = 0.625, 0.1 N sodium hydroxide aqueous solution) 



Elementary analysis for 


C 2 oH 2 oF3N 3 04 • 1/3C 2 H 5 OH • 


3/4H 2 0 


Calcd.: 


C 54.89 


H5.24 


N9.29 


Found : 


C 54.94 


H5.35 


N9.32 
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Inventive Example 29: 

5-Amino-6-f luoro-1 -r2-(SH luoro-1 -m)-cvclopropvn-8-methvl-7-r3-(RH1 -methviaminocvclopropvIM -pvrrolidinvll-1 .4- 
dihydrp-4-oxQquinQline-3-C3roQxylic 3<?id hydrochloride 



10 



15 




To a solution of 1 -benzyloxycarbony1-3-(R)-[1 -(N-tert-butoxycarbonyl-N-methylJamino-cyclopropyllpyrrolidine 

20 (1.015 g, 2.710 mmol) in ethanol (40 ml) was added 5% palladium on activated carbon catalyst (moisture content 
55.6%. 1.0 g). The mixture was stirred for 3 hr at room temperature under an initial hydrogen pressure of 4.5 kg/cm 2 , 
and was then filtered through celite with ethanol to remove catalyst. The filtrate was concentrated in vacuo. To a solution 
of the resulting amorphous residue in dimethyl sulfoxide (7.5 ml) was added triethylamine (3.8 ml) and 5-amino-6,8-dif- 
luoro-1^2^S)-fluorcHl-(R)-cyclopropyl]-1,4-dihydro^^xoquinoline-3-<»rboxylic acid (351.1 mg, 1.124 mmol). The mix- 

25 ture was stirred at 150°C for 15 hr under a nitrogen atmosphere. After cooling, the resulting mixture was concentrated 
in vacuo to remove dimethyl sulfoxide, and was then dissolved in chloroform (100 ml). The solution was washed with 
10% aqueous citric acid (100 ml) and saturated aqueous sodium chloride (100 ml), dried over anhydrous magnesium 
sulfate, and subsequently concentrated in vacuo. To the resulting residue, at 0°C, was added 35% hydrochloric acid (10 
ml) dropwise. The mixture was stirred at room temperature for 1 hr, and was then washed with dichloromethane (50 ml 

30 x 2). The aqueous layer was adjusted to pH 7.4 with 1 N sodium hydroxide solution, and was then extracted with chlo- 
roform (100 ml x 4). The combined organic layers were dried over anhydrous magnesium sulfate, and subsequently 
concentrated in vacuo. The residue was purified by recrystallization with 2-propanol-diisopropyl ether. To a solution of 
the resulting precipitate in ethanol (20 ml) at 0°C was added 1N hydrochloric acid (2.0 ml). The mixture was stirred at 
0°C for 5 min, and was then concentrated to dryness in vacuo. After diethyl ether was added to the residue, the resulting 

35 precipitate was purified by recrystallization with 2-propanol-ethanol. and was then dried at 80°C for 37 hr in vacuo to 
give the desired product (288.3 mg, 54.7%) as a pale-yellow powder. 

Melting point: 196.3 - 198.6°C (dec.) 
[a] D 22 8 = -620.95° (c = 0.422, H 2 0) 
40 1 H-NMR (400 MHz. D 2 0) 5: 

8.51 (1H, d, J = 3.51 Hz), 5.02 and 4.91 (1H, m), 4.03 - 3.83 (1H. m), 3.60 - 3.41 (2H, m), 3.39 - 3.21 (1H, 
m), 2.93 - 2.83 (1 H, m), 2.81 (3H, s), 2.21 (3H, s), 2. 1 7 - 2.1 1 (1 H, m). 1 .83 - 1 .61 (3H, m), 1 .59 - 1 .39 (1 H, m), 1 . 1 9 
- 1.09 (1H, m), 0.64 - 0.59 (4H, m). 



Elemental analysis for C22H26F2N4O3 • HCI 


Calcd.: 
Found : 


C 53.27; 
C 53.19: 


H 6.08; 
N6.11; 


N 11.30 
N 11.21 



Reference Example J-1 : 

55 

Dimethyl 4-(1 . 1 -bisethoxvcarbonvlethvl)-3.5.6-trif luoroohthalate 

Dimethyl malonate (34.84 g, 0.20 mol) was added dropwise to a suspension of 80% NaH (8.0 g, 0.20 mol) in DMF 
(300 ml) under ice cooling. Dimethyl tetrafluorophthalate (53.23 g. 0.20 mol) was added to the mixture and the mixture 
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was stirred for 24 h at room temperature. The reaction mixture was diluted with ethyl acetate (1000 ml). The solution 
was washed with water (3 x 500 ml), dried over anhydrous sodium sulfate, and evaporated to give 83.7 g of the title 
compound as a pale yellow oil. 

5 1 H-NM R (400 MHz, D 2 0) 5: 

1.27 (6H, t, J = 7 Hz), 1.85 (3H, s), 3.91 (3H, s). 3.97 (3H, s). 4.26 (2H, q. J = 7 Hz), 4.27 (2H, q, J = 7 Hz). 

Reference Example J-2: 

10 4-(1 -Carboxvethvn-3.5.6-trff luoroohthalic acid 

A mixture of dimethyl 4-(1 ,1 -bis-ethoxycarbonylethyl)-3,5.6-trifluorophthalate (1 2.9 g, 30.7 mmol), hydrochloric acid 
(120 mi), and acetic acid (120 ml) was refluxed for 24 h. The reaction mixture was concentrated to dryness to give 9.0 
g of the title compound as colorless crystals. 

15 

1 H-NMR (400 Mhz, D 2 0) 6: 

1.45 (3H, d, J = 7.4 Hz), 4.25 - 4.32 (2H, m). 

Reference Example J-3: 

20 

3-Ethvl-2.4.5-trif luorobenzoic acid 

A mixture of 4-(1-carboxyethyl)-3,5 f 6-trcfluorophthalic acid (14.9 g, 47.9 mmol), dimethylsulfoxide{100 ml), and tri- 
ethylamine (30 ml) was heated at 140°C for 4 days, and the reaction mixture was concentrated to dryness. To the res- 
25 idue was added 1 N Hcl (100 ml), and the solution was extracted with ether. The extract was washed with brine, dried 
over anhydrous sodium sulfate, and then evaporated to yield 9.27 g of the title compound as pale yellow crystals. 

1 H-NMR (400 MHz, CDCI 3 ) 6: 

1.24 (3H, 7, J = 7 Hz), 2.78 (2H, q, J = 7 Hz), 7.67-7.73 (1H, m), 8.5-9.3 (1H, broad). «f 

30 

Reference Example K-1 : 

Ethvl 5-amino-1-r(2SHluoro-(1 R)-cvclopropvn-1 .4-dihvdro-8-methoxv-4-oxoauinoline-3-carboxvlate 

35 Ethyl 1-[(2S)-fluoro-(1RKydopropylH^ 0-72 g, 4.45 

mmol) was dissolved in a mixtue solvent of THF (40 ml) and EtOH (40 ml). Raney-Ni (1 ml) was added to the solution, 
and the mixture was stirred at room temperature for 1 .5 h under hydrogen atmosphere. Raney-Ni catalyst was removed 
by filtration and the solvent was removed by evaporation. The residue was purified by silica gel column chromatography 
with 3% MeOH-CHa 3 to give 1.33 g (84%) of the title compound. 

40 

1 H-NMR(400 MHz, CDCI 3 ): 6 

1.39 (3H, t. J = 6.84 Hz), 1.40 - 1.60 (2H, m). 3.76 - 3.82 (1H, m), 3.86 (3H, s). 4.38 (2H, q, J - 6.84 Hz), 
4.72 - 4.76 (0.5H, m), 4.88 - 4.92 (0.5H, m), 8.40 (1 H, s). 

45 Reference Example K-2: 

5-Amino-1-f(2S)-fluoro-(1 Rl-cvclopropvl l-l ■4-dihvdro-8-methoxv-4-oxoouinoline-3-carboxvnc acid 

Ethyl 5-amino-1-[(2S)-fluoro-(1R)-cyclopropyl]-M (1.33 g, 3.73 

so mmol) was suspended in a mixtue solvent of EtOH (10 ml) and MeOH (5 ml). To the suspension was added 1N NaOH 
(8 ml) and the mixture was stirred for 2.5 h at room temperature. The solvent was removed by evaporation, and cone. 
HCI was added to the residue under cooling with ice. The precipitated crystals were washed with water and EtOH to 
give 1.0 g (82%) of the title compound. 

55 
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Inventive Example 30: 

5-Amino-7-n-amino-3-azabicvclof3.1^^^ 
oxoquinoline-3-carboxvlic acid 

5 

1-tert-Butoxycarbonylamino-3-azabicyclo[3.1.0]hexane (Fr. 1) (350 mg, 1.77 mmol) and triethylamine (2 ml) were 
added to a solution of 5-amino-6.7<iifluoro-1-[(2S)-fluoro-(1R)-cycfo^ 

carboxylic acid (335 mg, 1.02 mmol) in DMSO (8 ml). The mixture was heated at 100°C for 24 h, and the solvent was 
removed by evaporation. To the residue was added CHCI 3 (20 ml) and the insoluble material was removed by filtration. 

w The filtrate was washed with 1 0% aqueous citric acid solution ( 1 0 ml x 2), dried over anhydrous sodium sulfate and then 
evaporated to remove the solvent. To the residue was added cone. HCI (5 ml), and the mixture was stirred for 5 min at 
room temperature. The reaction mixture was washed with CHCI 3 (10 ml X 2). The aqueous layer was neutralized to pH 
7.3 with 20% aqueous NaOH solution and extracted with CHCI 3 (30 ml X 3). The extract was dried over anhydrous 
MgS0 4 and the solvent was removed by evaporation to obtain 240 mg (58%) of the crude product. The crude product 

15 was recrystallized from EtOH-28% aqueous NH 3 solution to give 120 mg of the title compound. 

Melting point: 219 - 230°C (decomposition) 
1 H-NMR (400 MHz, 0.1N - NaOD): 6 

0.62 - 0.65 (1H, m), 0.78 - 0.82 (1H, m), 1.21 - 1.52 (3H. m), 3.37 (3H, s), 3.42 (1H, d, J = 9.28 Hz), 3.52 
20 (2H, brs), 3.63 - 3.69 (1H. m), 3.83 - 3.90 (1H. m), 4.75 - 4.81 (0.5H. m), 4.90 - 4.95 (0.5H. m), 8.26 (1H, s). 

Inventive Example 31 : 

5-Amino-7-K3R. 1 'S)-3-( 1 -methvlaminoethvIM -pyrrol idinvl1-6-fluoro-1 Jfl R.2S)-2-f luorocyclopropvll-1 .4-dihYdro-8- 
25 methvl-4-oxoquinoline-3-carboxylic acid 

(SR.rSJ-S-tl-tN-MethyO-tert-butoxycarbonylaminoethyll-pyrrolidine (369 mg), 5-amino-1 -[(1 R,2S)-(2-fluorocyclo- 
propyQ-6,7-difluoro-1,4<jihydro-8-methyl-4-oxoquinoline-3-carboxylic acid (312 mg), DMSO (5 ml) and triethylamine (5 
ml) were mixed. The mixture was stirred at 1 20°C for 3 days under a nitrogen atmosphere, and the solvent was removed 
30 by evaporation. To the residue was added cone. HCI (5 ml), and the mixture was stirred for 30 minutes and washed with 
CHCI 3 . The aqueous layer was adjusted to pH 1 1 with an aqueous NaOH solution, adjusted to pH 7.40 with 1 N HCI and 
extracted with CHCI 3 (500 ml X 3). The extract was dried over anhydrous sodium sulfate and the solvent was removed 
by evaporation. The residue was recrystallized from isopropyl alcohol to give 125 mg of the title compound. 



35 





Elementary analysis for 
C2iH26F2N 4 03-1/4H 2 0 




Calcd.: 


C 59.35 


H 6.29 


N 13.18 


40 


Found : 


C 59.41 


H6.21 


N 12.95 



45 INDUSTRIAL APPLICABILITY 

The heterocyclic compounds of the present invention have an antibacterial activity against various kinds of bacte- 
ria, and therefore, are useful as antibacterial drugs. 
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Table 1 



5 


B q/i (■ a t* 1 a / t~\ m r\f\t 1 tA f K*^r ran l 

cacceria / compouna vilx. nu. j 


- 1 


2 


3 


8 




Jf ; / MTU T 


50T003 


.50 . 003 


50. 003 


50. 003 






50. 003 


50.003 


50. 003 


50.003 


10 


p r i/i 1 1 o a r i o DfifiOl 


0 . 013 


50.003 


50. 003 


0.025 




Fr. mirauil is , iro-3o**y 


n o? s 


yj . v jl j 


0 . 013 


0. 05 


15 


Ser. marcescens , 10100 


O . Uj 




U t U £. -> 


n i o 




Ps. aeruginosa, 32104 


n rm, 
u . u_> 


n n*% 

V • If D 




O 10 

f . X u 


20 


Ps. aeruginosa , 32121 


u • UZ 3 


n i n 

U • JL L> 




0 . 05 


Ps. maltophilia , IID-1275 


0 . 025 


0 . 05 








S. aureus, 209P 
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5. epidermidis, 56500 
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0.013 
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0.006 




Str. pyogenes, G-36 
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0.05 


50.003 
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0.10 
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S. aureus, 87037 
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Table 1 (continued) 
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20 



Bacteria/compound (Ex. No.) 


" 9 


10 


16 


23 


E. coli % NIHJ 


0T006 


£0.003 


£0.003 


£0.003 


S. flexneri, 2A 550 3 


0.006 


£0.003 


£0.003 


£0.003 


Pr. vulgaris* 08601 


0.013 


0.006 


£0.003 


0.013 


Pr. mirabilis, IF0-3849 


0.10 


0.006 


0.013 


0.025 


Ser. marcescens , 10100 


0.10 


0.025 


0.05 


0.05 


Ps. aeruginosa , 32104 


0.10 


0.05 


0.05 


0.10 


Ps. aeruginosa , 32121 


0.05 


0.025 


0.05 


0.025 


Ps. maltophilia, IID-1275 


0.20 


0.006 


0.05 


0.10 


5. aureus. 209P 


£0~.003 


£0.003 


£0.003 


£0.003 


S. epidermidis, 56500 


£0.003 


£0.003 


£0.003 


£0.003 


Str. pyogenes, G-36 


£0.003 


£0.003 


£0.003 


£0.003 


5tr. faeccaiiJ, ATCC-19433 


0.025 


0.013 


0.025 


0.013 


S. aureus, 87037 


0.025 


0.006 


0.025 


0.006 
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Table 1 (continued) 
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Bacteria /compound (Ex. No.) 
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E. coll, NIHJ 




SO 
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0.025 


5. flexneri, 2A 5503 




SO 


.003 
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Pr. vulgaris , 08601 




0 


.006 


0.025 


Pr. mirabilis, IFO-3849 




0 


.013 


0.10 


Ser. marcescens , 10100 




0 


.025 


0.10 


Ps. aeruginosa, 32104 




0 


.10 
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Ps. aeruginosa, 32121 




0 
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0.20 






o 


. 006 
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S. aureus, 209P 




so 


.003 
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5. epidermidis, 56500 




so 


.003 
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Str. pyogenes, G-36 




so 


.003 


1.56 


Str. faeccalis, ATCC-19433 




0 


.013 


1.56 


S. aureus, 87037 
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.006 


>6.25 
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Claims 

1 . An N r (halogenocyclopropyl)-substituted pyridonecarboxylic acid derivative represented by formula (I): 

40 



2' 0 0 



45 




wherein X 1 represents a halogen atom or a hydrogen atom; 
55 X 2 represents a halogen atom; 

R 1 represents a hydrogen atom, a hydroxyl group, a thiol group, a halogenomethyl group, an amino group, an 
alkyl group having 1 to 6 carbon atoms or an alkoxyl group having 1 to 6 carbon atoms, of which the amino 
group may have a substituent selected from the group consisting of a formyl group, an alkyl group having 1 to 
6 carbon atoms and an acyl group having 2 to 5 carbon atoms, with the proviso that the amino group may be 
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dialkyl-substituted when the substituent is alkyl groups which may be the same or different from each other; 
R 2 is a group represented by formula (II): 

K 



(II) 



10 



15 



wherein R 3 and R 4 independently represent a hydrogen atom or an alkyl group having 1 to 6 carbon atoms and 
n is an integer of 1 or 2; 
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